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Editorial on the Research Topic
 Novel Imaging Techniques in the Management of Thyroid Nodules and Autoimmune Thyroid Disease



The high incidence of thyroid nodules, ranging from about 10 up to 70% of adult population, constitute a major socioeconomic problem (1). Wide access to high-resolution thyroid ultrasonography (US) and other imaging techniques has dramatically raised the detection rate of thyroid lesions (2), but only 8–18% of thyroid nodules in general population are malignant (3). Therefore, an everyday diagnostic challenge for endocrinologists is to identify the patients with higher risk of malignancy, who should undergo prompt diagnostics and surgical management. The gold standard of thyroid nodules diagnostics is conventional ultrasonography followed by fine-needle aspiration biopsy (FNAB) of qualified lesions. However, biopsy is an invasive procedure, which has certain limitations as up to 10–25% patients undergoing biopsy receive inconclusive cytological result (4–6). Hence, there is still a need to search for novel imaging procedures or markers, that would allow a non-invasive estimation of malignancy risk with satisfying sensitivity and specificity. Recent studies have demonstrated that novel imaging techniques might be also used as an additional diagnostic tool to monitor and differentiate different types of thyroiditis (7). The goal of this Research Topic collection is to present current trends and progress that novel techniques of thyroid imaging brings to diagnostics, monitoring and therapy of thyroid nodules and autoimmune thyroid disease (AITD).

In the recent years, the sonoelastography has been introduced as a promising tool to differentiate between benign and malignant thyroid lesions (8, 9). Although current data reveal that diagnostic value of sonoelastography is inferior compared with FNAB, this technique is still considered as a very useful additional method increasing diagnostic accuracy of conventional ultrasound. Consistently, Dobruch-Sobczak et al. in a study including 208 patients with 305 thyroid nodules concludes that decreased elasticity of thyroid nodules is associated with increased risk of malignancy that may justify more aggressive management. In the study by Liu et al. authors employed specific MRI modalities and demonstrated its potential usefulness in differentiation between benign and malignant thyroid nodules. Zonally oblique multi-slice diffusion-weighted imaging (area under curve—AUC = 0.937) proved to be superior to amide proton transfer (AUC = 0.783), p = 0.028. Authors conclude that these modalities might constitute a non-invasive, promising method for improving differential diagnosis of thyroid nodules in a clinical setting. Appropriate management of thyroid nodules in pediatric population constitutes a particularly difficult task, i.e., due to possible presence of ectopic intrathyroidal thymic tissue and the similarity of its US pattern to thyroid carcinoma. Sonographic features allowing for initial differential diagnosis of such ectopic tissue and malignant lesions are presented in the study by Stasiak et al. The authors also demonstrated a significant role of sonoelastography in differential diagnosis of such lesions, and presented examples of its application.

Another specific subgroup of patients are subjects diagnosed with low-risk papillary thyroid microcarcinoma. There has been an ongoing debate on the possibility of active surveillance (AS) instead of surgical therapy in these patients. That approach is endorsed by the Japanese Thyroid Society as well as by the American Thyroid Association and European guidelines on the management of thyroid nodules and thyroid cancer (6, 10–13). The comprehensive review article by Xue et al. summarizes the current state of knowledge on the role of imaging techniques implemented in AS and involves clues helpful during follow-up of these patients. Authors indicate limited value of US in detecting extra-thyroid extension or lymph node metastases, which could be increased by combining it with computed tomography (CT) scan. Although patients with AS approach are at slightly higher risk of lymph node metastases than those managed surgically, still the incidence remains low in both groups and disease specific survival and overall survival is similar. Moreover, authors underline the role of genetic biomarkers that might be helpful to differentiate between the low and high-risk thyroid cancers and discuss ethical issues concerning the process of qualification of patients to be surveilled instead of surgically managed.

Due to current wider accessibility of MRI, more and more patients would have an incidentally detected thyroid pathology found by this imaging modality. Hence, the MRI-based image characteristics of thyroid nodules and diffuse thyroid pathologies, such as AITD, need to be appropriately recognized and interpreted. Kang et al. addresses this issue and summarizes incidental thyroid findings in a group of 387 patients with neck MRI performed as a part of diagnostic workup for non-thyroidal illness and present the MRI characteristics of the thyroid images found in patients with evidence of AITD. The main MRI characteristics of AITD consist of high and inhomogeneous signal intensity on T2-weighted images. Another study by Malkowski et al. demonstrated that patients with AITD differ from subjects with normal thyroid also in terms of standardized uptake value (SUV-max) of the thyroid parenchyma measured using 18F-FDG-PET/CT. Given increasing accessibility to 18F-FDG-PET/CT imaging worldwide, it is important to correctly interpret and verify increased diffused radioisotope uptake detected in patients undergoing scan for non-thyroidal reasons. According to American Thyroid Association guidelines, focally increased uptake in the thyroid needs verification by US, and lesions above 10 mm in size require FNAB. However, incidentally detected abnormal thyroid PET scan pattern may also be a first manifestation of AITD and requires further diagnostics toward the presence of AITD.

There is an evidence that Color Doppler examination might be a useful predictive factor for Graves' disease (GD) relapse (14). In addition, there is an ongoing effort to identify novel imaging modalities as well as specific serum biomarkers to assist in identification of patients at highest risk of GD relapse. Identification of such predictors would help in clinical decision making to stratify which patients are the best candidates for conservative management with the highest chance for remission on pharmacotherapy, and which may benefit from definitive therapy (ablation with radioiodine or total/near total thyroidectomy). The study by Struja et al. evaluated potential usefulness of application of a high-throughput proton NMR metabolomic profile in prediction of relapse of the GD. However, only a moderate prognostic potential was demonstrated. Out of 227 studied markers, pyruvate and triglycerides in medium VLDL were selected as candidates with acceptable discriminatory strength as predictors with AUCs of 0.73 and 0.67, respectively.

There is an evidence of specific genotypes predisposing to subacute thyroiditis and AITD. However, certain genetic factors are still to be identified. In the study by Stasiak et al. it has been demonstrated that sonographic pattern of subacute thyroiditis might be associated with the specific HLA-haplotype. The authors reported a significant association between the HLA*B18:01 and the US characteristics of subacute thyroiditis. In the study by Jia et al. a novel relationship between CD14 gene polymorphism and AITD has been described. The authors also point out that the allele model, recessive model, and homozygous model of rs2569190 and rs2915863 embodied strong correlations with GD after the adjusting of age and gender. This association was the strongest for female patients and those with a positive family history of GD. Additionally, an analysis of CD14 expression was studied in thyroid tissues derived from thyroidectomized patients with GD, but its role in pathogenesis of GD requires further investigations.

In summary, a constant progress and rising accessibility of modern imaging techniques, as well as identification of novel biochemical and genetic markers gradually improve our understanding of pathogenesis of focal and diffuse thyroid pathologies. Combining standard diagnostic procedures with novel imaging techniques plays more and more important role in the clinical decision making in these patients.
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Background: There is a lack of biochemical markers for early prediction of relapse in patients with Graves' disease [GD], which may help to direct treatment decisions. We assessed the prognostic ability of a high-throughput proton NMR metabolomic profile to predict relapse in a well characterized cohort of GD patients.

Methods: Observational study investigating patients presenting with GD at a Swiss hospital endocrine referral center and an associated endocrine outpatient clinic. We measured 227 metabolic markers in the blood of patients before treatment initiation. Main outcome was relapse of hyperthyroidism within 18 months of stopping anti-thyroid drugs. We used ROC analysis with AUC to assess discrimination.

Results: Of 69 included patients 18 (26%) patients had a relapse of disease. The clinical GREAT score had an AUC of 0.68 (95% CI 0.63–0.70) to predict relapse. When looking at the metabolomic markers, univariate analysis revealed pyruvate and triglycerides in medium VLDL as predictors with AUCs of 0.73 (95% CI 0.58–0.84) and 0.67 (95% CI 0.53–0.80), respectively. All other metabolomic markers had lower AUCs.

Conclusion: Overall, metabolomic markers in our pilot study had low to moderate prognostic potential for prediction of relapse of GD, with pyruvate and triglycerides being candidates with acceptable discriminatory abilities. Our data need validation in future larger trials.

Keywords: Graves basedow disease, metabolomics, relapse activity, predicable results, retrospective analysis


INTRODUCTION

Graves' disease [GD] is among the leading causes of hyperthyroidism affecting approximately 0.5% of the general population, especially younger women. It is caused by the presence of autoantibodies to the thyrotropin [TSH] receptor [TRAb] leading to unregulated production and secretion of thyroid hormones (1).

Although treatment with thyroidectomy or radioactive iodine ablation [RAI] provide good cure rates from hyperthyroidism, they are definitive ablative procedures rendering patients subject to lifelong therapy with levothyroxine [T4] (2). On the other hand, anti-thyroid drugs [ATD] provide the chance of cure, albeit, at the cost of a very high relapse rate of approximately 40-60% (1). A more personalized approach would include identifying those who were to benefit most of ATD therapy before treatment initiation. Various approaches have been studied in the past, such as genome wide association studies, thyroidal blood flow assessed by sonography, numerous TRAb assays, and combinations of biochemical and epidemiological markers (3, 4). So far, none have provided enough predictive power to be widely adopted into clinical practice.

Recently, the concept of extensively mapping the phenotypic metabolic state of an individual (i.e., metabolome) has become available by advances in spectrometric techniques. Some studies have already mapped the metabolic differences of hyperthyroid GD states compared to euthyroidism (5, 6).

In other areas, predictive qualities of metabolomics have already been assessed. One report showed that inclusion of lysophosphatidylcholine (20:4) as marker improved recurrence risk prediction of strokes by 6% (7), whereas another report found elevated levels of decanoylcarnitine and octanoylcarnitine to be associated with a higher stroke recurrence risk (hazard ratios 3.8 and 5.5, respectively) (8). Such findings have also been observed in a rat model of ANCA positive vasculitis (immunized to human myeloperoxidase), where urinary di-methyl-glycine and trimethylamine N-oxide levels at day 56 post immunization increased relapse prediction accuracy from 90.5 to 95.2% (9). Furthermore, a Japanese group measured plasma free amino acids in patients with ulcerative colitis. They observed that lower levels of histidine were associated with an increased risk of relapse within year (10).

We hypothesized that distinct metabolic patterns might predict outcome of ATD therapy with regard to relapse. To our knowledge, this study is the first to assess whether metabolomic differences can be used to predict relapse of hyperthyroidism after a course of ATD.



METHODS

From a previous observational cohort study (11), we had roughly 320 serum aliquots left over at our disposal. Patients were included at an endocrine outpatient clinic and one hospital-based referral center in Switzerland. Patients were treated with ATD in a titration regimen (usually carbimazole or propylthiouracil for 12-18 months). Inclusion criteria were a first episode of GD defined as suppressed TSH (<0.01 mU/l), elevated free T4, and if available, diffuse increased uptake in scintigraphy. Patients with a shorter follow-up period than 24 months after start of ATD treatment were excluded. Also, we excluded patients with ATD treatment duration <12 months, initial ablative therapy (i.e., surgery or radio-active iodine), and time gap between initiation of treatment and blood sample collection over one month. Aforementioned aliquots were analyzed in the current study. After application of the inclusion and exclusion criteria, there were 69 patients left for final analysis. We collected clinical data by medical charts review and if necessary we complemented missing follow-up data by phone calls to patients and general practitioners. The study protocol was approved by the local ethics committee (Ethikkommission Nordwest- und Zentralschweiz (EKNZ) Project No. 2015/227) and has been conducted according to the principles of the Declaration of Helsinki. Need for informed consent was waived due to retrospective nature of analysis with no impact on health outcome.

After blood withdrawal, samples were directly centrifuged and analyzed on serum TSH, fT4, anti-Thyroperoxidase-Antibodies [anti-TPO-Ab] and TRAb levels by standard commercially available laboratory kits (Assays used, are listed in Supplementary Table 1). Leftover serum aliquots were stored at−24° Celsius and mean duration storage time was 46 months (median 46 months; 70 to 17 months interquartile range). Two hundred and twenty-seven metabolic biomarkers were quantified from serum using high-throughput proton NMR metabolomics (Nightingale Health Ltd., Helsinki, Finland) (12, 13) (biomarkers assessed are listed in Supplementary Table 2). This technique is able to provide excellently reproducible results and analytical accuracy given its limitations regarding sensitivity and resolution as an NMR based method (14, 15). Aliquots were shipped on dry ice by a professional courier service and temperature inside the box was monitored continuously.

To validate our storage conditions and the quality of our samples, Nightingale compared our data with their reference data (see Supplementary Figure 1). Reference values were derived from several studies in Scandinavian and UK cohorts with adjacent biobanks [e.g., most recent publication with references to previous works (16)], mainly from the Finnish National Institute of Health and Welfare Biobanks (THL) (17).

Prior to statistical analysis, data was cube root transformed, normalized by the median of each sample, and Pareto scaled to achieve a normal distribution.

The primary outcome of this study was prediction of relapse in GD at ATD treatment initiation. Relapse had to be established by suppressed TSH and elevated peripheral hormones. First, we fitted univariate ROC models for every metabolomic marker. Second, multivariate ROC models were fit by Monte-Carlo cross validation using balanced sub-sampling. We used partial least squares discriminant analysis [PLS-DA] as classification and feature ranking method. Each cross-validation used two thirds of the samples to gauge feature importance. Top important features where then used to build classification models by using the remaining third of samples (18). To account for multiple testing, correction with Benjamini–Hochberg false discovery rate was applied. Statistical significance was set at α < 0.05. Statistical analysis was conducted using MetaboAnalyst software version 4.0 (19, 20) and Stata software version 12.1 (Stata Corp., College Station, TX, USA).



RESULTS

Table 1 shows details of the patient population stratified by relapse, the primary endpoint. Previously, we published a validation study of the GREAT score, a combination of epidemiolocal (i.e., age, goiter size) and standard laboratory variables (i.e., fT4, TRAb) to predict relapse (11). It showed an AUC of 0.68 (95% CI 0.63–0.70) to predict relapse.



Table 1. Baseline characteristics according to relapse status.
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Comparison of our data with the reference data set revealed relevant differences for omega-3, glutamine, pyruvate, citrate and acetate. Minor differences were observed for phosphoglycerides, phosphatidylcholines, total cholines, unsaturated fatty acids, and VLDL and LDL diameter, but not in HDL diameter (see Supplementary Figure 1).

Univariate analysis only revealed pyruvate and triglycerides in medium VLDL [MVLDLTG] as significant predictors of GD relapse with AUCs of 0.73 (95% CI 0.58–0.84) and 0.67 (95% CI 0.53–0.80), respectively.

Inclusion of multiple variables by multivariate ROC analysis did not yield higher AUCs. Figure 1 provides an overview of the top six models generated. AUCs ranged from 0.53 (95% CI 0.33–0.66; 100 variables) to 0.57 (95% CI 0.36–0.80; 5 variables), each not being statistically significant. Inclusion of more variables into a model did not result in improved discriminatory power (see Figure 2). Figure 3 displays the frequency of a variable being selected by PLS-DA.
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FIGURE 1. Top 6 ROC models generated by PLS-DA with increasing number of variables. AUC, area under the curve; CI, 95% confidence intervals; PLS-DA, partial least squares-discriminant analysis; Var, number of variables included into model.
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FIGURE 2. Predictive accuracies of the models with increasing number features included.




[image: image]

FIGURE 3. Frequency of a variable being selected by PLS-DA. MVLDLTG, triglycerides in medium VLDL; XLHDLTG, triglycerides in very large HDL; XLHDLC, total cholesterol in very large HDL; LVLDLTG, triglycerides in chylomicrons and extremely large VLDL; Pyr, pyruvate; XLHDLFC, free cholesterol in very large HDL; XLVLDLTG, triglycerides in chylomicrons and extremely large VLDL; XLHDLPL, phospholipids in very large HDL; SVLDLTG, triglycerides in small VLDL; MVLDLPL, phospholipids in medium VLDL; XLVLDLPL, phospholipids in chylomicrons and extremely large VLDL; LHDLPL, phospholipids in very large HDL; LVLDLC, total cholesterol in chylomicrons and extremely large VLDL; MVLDLFC, free cholesterol in medium VLDL; XLVLDLCE, cholesterol esters in chylomicrons and extremely large VLDL.



As there were no significant results although PLS-DA tends to overfit data, we abstained from validating the model in a subset of our data.



DISCUSSION

Based on this observational, secondary analysis of blood samples, we were not able to find any metabolomic markers that could predict relapse outcome before ATD treatment initiation with high accuracy. To the best of our knowledge, we are the first to apply the principle of metabolomic phenotyping on relapse prediction in GD.

Although we measured roughly 300 samples, we decided to generate a homogenous cohort by applying stringent inclusion and exclusion criteria leading to many exclusions. We did loosen our exclusion criteria post-hoc to include more patients, but this did not influence results in any way.

Our model was not able to generate any predictive properties which is reflected by the AUCs around 0.55. Inclusion of more variables into a ROC model usually leads to better predictive capacities at the cost of decreasing practicability (20). In our case, AUC tended to decrease with a growing number of variables in a model. We assume this is a chance finding as all median values are very close to each other, and CIs do overlap.

While there are already some reports investigating the metabolomic phenotype of hyperthyroid GD patients (5, 6, 21, 22). Not surprisingly, there were distinct differences in metabolic pathways between the euthyroid and hyperthyroid state detected. Besides histamine and nitrogen pathways, amino acid pathways were mainly involved. For instance, Piras et al. reported the changes from the hyperthyroid to euthyroid state in 15 patients with GD compared to 26 healthy controls (22). They found that GD patients after treatment had significantly lower levels of creatinine, formate, glycerol, histamine, methylamine, and methylsuccinate in plasma as compared to the healthy controls.

Al-Majdoub and colleagues reported changes in the carnitine metabolism of 30 GD patients before treatment compared to 12 months after institution of euthyroidism (5). They observed an increase in short-chain acylcarnitines, whereas medium-chain acylcarnitines were decreased and long-chain acylcarnitines were unchanged after treatment. In general, lysophosphatidylcholines and sphingomyelins were increased in their study. The authors speculated that these changes reflect a starvation like process that was induced by hyperthyroidism.

In 2016, researchers from Singapore published their data on 24 female GD patients transitioning from hyperthyroidism to euthyroidism. In contrast to the previous report, they found a fall of medium- and long-chain acylcarnitines, whereas they observed rises in total cholesterol, LDL, and HDL. The authors postulate that the changes in cholesterol metabolism might be due to increased clearance in hyperthyroidism, whereas the changes in acylcarnitines is based on the T3 induced increased mitochondrial biogenesis and enhanced tricarboxylic acid cycle activity. They also found no changes in branched chain amino acid concentrations (i.e., valine, isoleucine, and leucine). On the other hand, levels of phenylalanine and tyrosine were elevated which might have been due to the increased demand of these amino acid in the synthesis of thyroid hormones (6).

So far there was no investigation looking at the relation to relapse rates. Thus, we studied all markers for their potential to predict relapse with the risk for chance findings. Our data are thus rather hypothesis-generating and need to be validated in future studies. Compared to the previous studies, our laboratory assay put more emphasis on lipid pathways but not carnitine and amino acid metabolism, which might explain our negative findings (see Supplementary Figure 1 and Supplementary Table 2) or it could be due to our limitations in study design. As our focus was prediction of relapse and had only blood samples before the start of treatment, we did not investigate metabolic changes during the transition from hyperthyroidism to euthyroidism.

Our study has three major limitations. First, blood samples were not drawn in a fasting state but randomly. Second, mean storage time of samples was 46 months under sub-optimal conditions (i.e., −24°C instead of −80°C) (23), although other groups reported significant results after storage at −24°C (5). On one hand, suboptimal storage conditions lead to low levels of glutamine, phenylalanine, pyruvate, and acetate. On the other hand, these metabolites are very scarce and at least for lipid components a large coefficient of variation has been reported even under optimal conditions (24). Moreover, glycerol, lactate, and creatinine which are shown to be altered significantly by freeze-thaw cycles in rats (25), have not shown obvious deviations in our cohort.

Furthermore, we did not observe large deviations from the reference sample in fatty acids, especially polyunsaturated fatty acids, which would be other indicators of suboptimal storage and handling (24). Additionally, metabolites such as glucose and lactate that are known to be susceptible to preanalytical errors and have been proposed as a screening tool to assess preanalytical care (26). In our batch, these metabolites were not altogether different from the manufacturer's reference sample.

Third, we had two freeze-thaw cycles during our sample preparation before analysis. From an idealistic standpoint, immediate analysis after blood draw would be the preferable approach which is rarely feasible in routine. Furthermore, a report demonstrated that up to four freeze-thaw cycles did alter samples only slightly (23).



CONCLUSION

Overall, metabolomic markers in our pilot study had only low to moderate prognostic potential for prediction of relapse of GD, with pyruvate and triglycerides being the most promising candidates with acceptable discriminatory ability. Our data need validation in future larger trials.
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Background: No previous studies have investigated the feasibility of magnetic resonance imaging (MRI) diagnosis for detecting incidental diffuse thyroid disease (DTD). This study investigated MRI features of normal thyroid parenchyma and incidental DTD.

Methods: From January 2008 to December 2017, 387 patients underwent neck MRI in our hospital due to tumor/nodal staging (n = 137), lymphadenopathy (n = 122), inflammatory neck lesion (n = 85), congenital neck lesion (n = 12), and patient request (n = 31). Among them, 375 patients were excluded because of a lack of appropriate histopathological data on the thyroid parenchyma.

Results: Among the patients included, 10 had normal thyroid parenchyma, 1 had Hashimoto thyroiditis, and 1 had diffuse hyperplasia. The common MRI features of normal thyroid parenchyma include iso-/slightly high and homogeneous signal intensity on T1/T2-weighted images, normal anteroposterior diameter of the thyroid gland, smooth margin, and homogeneously increased enhancement as compared to adjacent muscle. Hashimoto thyroiditis exhibited high and inhomogeneous signal intensity on T2-weighted images, while diffuse hyperplasia revealed an increased anteroposterior diameter and lobulated margin of the thyroid gland, and inhomogeneous enhancement.

Conclusions: MRI may be helpful for detection of incidental DTD.

Keywords: thyroid, diffuse thyroid disease, autoimmune, Hashimoto thyroiditis, magnetic resonance imaging


INTRODUCTION

Thyroid disease includes diffuse and nodular types (1). Diffuse thyroid disease (DTD) may be associated with thyroid dysfunction, and the thyroid function test and serology are widely used in evaluating thyroid dysfunction (2). In clinical practice, however, accurate detection of subclinical or asymptomatic DTD is not easy but this detection can be helpful for the appropriate management of thyroid dysfunction (2). Thyroid ultrasonography (US) is widely used to detect and characterize thyroid nodules (3). Although clinical and laboratory findings have played a key role in the diagnosis and treatment of DTD, the use of thyroid US for detecting DTD is feasible (4–7). Moreover, recent studies have demonstrated that computed tomography (CT) may be helpful to detect DTD (8–10). CT detection of DTD may be practical, as CT is widely used in the evaluation of neck lesions. In the literature, magnetic resonance imaging (MRI) is reported to be helpful for differentiating Graves' disease from Hashimoto thyroiditis or painless thyroiditis (11–14). Hashimoto thyroiditis and Graves' disease exhibit increased signal intensity (SI) on T1/T2-weighted images, whereas as the normal thyroid reveals somewhat greater SI than that of adjacent muscle on both images (11, 12). In addition, diffusion-weighted MRI may be helpful for differentiation between Hashimoto thyroiditis, Graves' disease, and painless thyroiditis (13, 14). However, no previous studies have investigated the feasibility of using MRI for detection of incidental DTD.

For evaluating head and neck cancer, contrast-enhanced CT is the most commonly used imaging modality (15). MRI has excellent soft tissue differentiation, but CT provides exceptional anatomical detail with greater spatial resolution than MRI (15). In particular, MRI is commonly used to determine tumor/nodal staging of head and neck cancer, to identify a primary site in patients with unknown primary head and neck cancer, and to evaluate lymphadenopathy in the neck (15). If incidental MRI detection of DTD is possible, as with US and CT, MRI may facilitate appropriate management of DTD.

Therefore, the purpose of this study was to assess the MRI features of normal thyroid parenchyma and incidental DTD.



MATERIALS AND METHODS


Patients

This retrospective study was approved by Busan Paik Hospital institutional review board (IRB 17-0212), and requirement for obtaining informed patient consent was waived because of the retrospective nature of the investigation and the use of anonymized patient data. From January 2008 to December 2017, 387 patients (113 women, 274 men; mean age 57.1 ± 19.3 years [range 1–92 years]) underwent neck MRI in our hospital for tumor/nodal staging (n = 137), lymphadenopathy (n = 122), inflammatory neck lesion (n = 85), congenital neck lesion (n = 12), and by patient request (n = 31). Among them, only the cases with an available histopathological specimen of the thyroid gland, obtained by thyroid surgery, were included. In addition, the interval between neck MRI and thyroid surgery had to be less than 12 months. Ultimately, a total of 12 patients (7 women, 5 men; mean age 49.6 ± 16.2 years [range 22–70 years]) were included in the study.



Magnetic Resonance Imaging Protocol

MRI was performed using 1.5 Tesla units (Gyroscan NT, Philips, Best, Netherlands; and Genesis Signa, GE Healthcare, Chicago, IL, United States) and 3 Tesla units (Skyra, 20-channel phased array coil, Siemens, Erlangen, Germany; and Achieva, Philips, 16-channel phased array coil). MRI at our institution involves image acquisition from the skull base to the tracheal carina. All patients were imaged using a standardized MRI protocol comprising a 3-plane localizer and turbo spin-echo imaging, involving the following sequence: axial and coronal T1-weighted images (TR/TE, 730/10, FOV 220 × 220 cm, matrix 448 × 269, slice thickness 4.0 mm, intersection gap 0.4 mm), axial T2-weighted images (TR/TE, 4530/68, FOV 220 × 220 cm, matrix 448 × 269, slice thickness 4.0 mm, intersection gap 0.4 mm), axial and coronal fat-saturated T2-weighted images, followed by contrast-enhanced axial and coronal T1-weighted images. The same sequence was performed after contrast agent administration (0.1 mL/kg of gadobenate dimeglumine, Multihance BRACCO, Milan, Italy, at 2 ml per second, followed by a 20-ml saline flush at the same rate). The first post-contrast sequence began 90 sec after the contrast medium injection, to allow sufficient contrast enhancement.



Magnetic Resonance Imaging Analysis

A single radiologist (with 16 years of experience with thyroid US examination and neck MRI analysis, after obtaining board certification) retrospectively investigated MRI findings of the thyroid gland in the study patients, while being blinded to the US diagnosis of the thyroid gland, clinico-serological information, and the patient's medication history for DTD. The following features were investigated based on MR images, using a picture achieving and computer data system: parenchymal SI (as compared to adjacent muscle and fat; iso- [same SI at that of adjacent muscle], low [low SI relative to adjacent muscle], slightly high [higher SI than adjacent muscle but lower SI than adjacent fat], or high [same SI at that of adjacent fat]; homogeneity on T1- or T2-weighted images (homogeneous and inhomogeneous); anteroposterior diameter of the thyroid gland (normal [1–2 cm], increased [>2 cm], or decreased [ < 1 cm]); glandular margin (smooth or lobulated); degree of enhancement (as compared to adjacent muscle; iso-, decreased, or increased); and pattern of enhancement (homogeneous or inhomogeneous).



Final Diagnosis of Diffuse Thyroid Disease and Normal Thyroid Parenchyma

Histopathological findings from the thyroid gland were retrospectively analyzed by a single pathologist. Hashimoto thyroiditis was characterized as progressive loss of thyroid follicular cells with replacement by lymphocytes and formation of germinal centers associated with fibrosis. Diffuse hyperplasia was characterized by diffuse hypertrophy and hyperplasia of follicular cells with retention of the lobular architecture and no definite nodule formation. The thyroid gland was considered to have normal thyroid parenchyma when there was no visual evidence of coexisting DTD.




RESULTS

For the 12 patients, the reason for thyroid surgery was suspicious thyroid malignancy in cytology. The mean interval between neck MRI and thyroid surgery was 7.6 ± 2.9 months (range 2–12 months). After thyroid surgery (9 total thyroidectomy and 3 hemithyroidectomy), papillary thyroid carcinoma was confirmed in all patients. Based on the histopathological findings of the thyroid gland, we characterized patients with normal thyroid parenchyma (n = 10), Hashimoto thyroiditis (n = 1), and diffuse hyperplasia (n = 1).

The MRI features of the thyroid gland are listed in Table 1. The 9 normal thyroid parenchyma cases exhibited iso-/slightly high SI on T1/T2-weighted images, whereas 1 case revealed iso-/slightly high SI on T1/T2-weighted images. In all normal thyroid parenchyma cases, SI was homogeneous, the anteroposterior diameter of the thyroid gland was normal, had a smooth margin, and showed homogeneously increased enhancement as compared with adjacent muscle (Figure 1). In contrast, Hashimoto thyroiditis exhibited high and inhomogeneous SI on T2-weighted images (Figure 2), and diffuse hyperplasia revealed increased anteroposterior diameter and lobulated margin of the thyroid gland and inhomogeneous enhancement (Figure 3).



Table 1. Comparison of magnetic resonance imaging features of normal thyroid parenchyma and diffuse thyroid disease in 12 patients.
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FIGURE 1. A 51-year-old man with normal thyroid parenchyma confirmed by histopathology after thyroid surgery for the treatment of papillary thyroid carcinoma. In the non-enhanced axial T1- (A) and T2- (B) weighted images, the thyroid gland (arrows) exhibits homogeneous, iso-, and slightly high signal intensities, respectively, when compared with adjacent muscle. In both images, the thyroid gland (arrows) exhibits a normal size and smooth margin. In the enhanced axial, fat-suppression T1-weighted image (C), the thyroid gland (arrows) exhibits homogeneously increased enhancement, when compared with adjacent muscle.
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FIGURE 2. A 27-year-old woman with Hashimoto thyroiditis confirmed in cytology after ultrasound-guided fine-needle aspiration. In the non-enhanced axial T1- (A) and T2- (B) weighted images, the thyroid gland (arrows) exhibits homogeneous, iso-signal intensity, and inhomogeneous, high signal intensity, respectively, when compared with adjacent muscle. In both images, the thyroid gland (arrows) exhibits a normal gland size and smooth margin. In the enhanced axial, fat-suppression T1-weighted image (C), the thyroid gland (arrows) exhibits homogeneously increased enhancement, when compared with adjacent muscle.
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FIGURE 3. A 44-year-old woman with diffuse hyperplasia confirmed by histopathology after thyroid surgery for the treatment of papillary thyroid carcinoma. In the non-enhanced axial T1- (A) and T2-(B) weighted images, the thyroid gland (arrows) exhibits homogeneous, iso-. and slightly increased signal intensity, respectively, when compared with the adjacent muscle. In both images, the thyroid gland (arrows) exhibits increased size and a lobulated margin. In the enhanced axial, fat-suppression T1-weighted image (C), the thyroid gland (arrows) exhibits increased, but inhomogeneous enhancement, when compared with adjacent muscle.





DISCUSSION

In the literature, the known US features of normal thyroid parenchyma included a fine echotexture, iso-echogenicity, a smooth margin, a normal glandular size, and normal parenchymal vascularity (4–7). In contrast, the known CT features of normal thyroid parenchyma include iso-attenuation, homogeneous attenuation, an anteroposterior diameter of 1–2 cm, smooth margin, and homogeneous enhancement (8–10). In the present MRI study, the thyroid gland was compared with adjacent muscle. The common MRI features of normal thyroid parenchyma include iso-/slightly high SI on T1/T2-weighted images, homogeneous SI, normal anteroposterior diameter of the thyroid gland, smooth margin, and homogeneously increased enhancement. According to previous MRI studies, normal thyroid parenchyma exhibits greater SI than adjacent muscle on T1-weighted images (11, 12). However, all normal thyroid parenchyma cases in the present study exhibited iso-SI on T1-weighted image. The reason for this difference is unclear. To clarify this issue, further studies are required.

In the literature, the reported US features of DTD include increased or decreased parenchymal echogenicity, coarse echotexture or “micronodulation,” increased or decreased anteroposterior diameter of the thyroid gland, presence of marginal nodularity, and increased or decreased parenchymal vascularity (4–7). In contrast, the CT features suggestive of DTD include low attenuation, inhomogeneous attenuation, increased glandular size, lobulated margin, and inhomogeneous enhancement (8–10). In the present MRI study, SI, glandular size or margin, and parenchymal enhancement may be different between normal thyroid parenchyma and DTD. Nevertheless, among the numerous studies, no US or CT features with a high sensitivity and specificity for detecting DTD have been found (4–10). Similarly, no specific MRI features for DTD were found. Nevertheless, MRI detection of DTD may be feasible, although only 2 cases of DTD were included. To clarify this issue, a large-scale study is required.

This study had several limitations. First, the sample size was small. In particular, only 2 cases of DTD were included. Secondly, a neck MRI protocol was used in this study. For clarity, a further study using the appropriate MRI protocol for the thyroid gland is required. Thirdly, there was a considerable interval between neck MRI and thyroid surgery. Fourthly, a single radiologist performed the image analysis. Finally, only patients who underwent neck MRI and thyroid surgery were included, and thus selection bias was unavoidable.

In conclusion, the results of the present study demonstrated that the MRI features of normal thyroid parenchyma and incidental DTD are different. Thus, MRI may be helpful for detection of incidental DTD.
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Background: Pre-operative non-invasive differentiation of benign and malignant thyroid nodules is difficult for doctors. This study aims to determine whether amide proton transfer (APT) imaging and zonally oblique multi-slice (ZOOM) diffusion-weighted imaging (DWI) can provide increased accuracy in differentiating benign and malignant thyroid nodules.

Methods: This retrospective study was approved by the institutional review board and included 60 thyroid nodules in 50 patients. All of the nodules were classified as malignant (n = 21) or benign (n = 39) based on pathology. It was meaningful to analyze the APT and apparent diffusion coefficient (ADC) values of the two groups by independent t-test to identify the benign and malignant thyroid nodules. The relationship between APT and ZOOM DWI was explored through Pearson correlation analysis. The diagnostic efficacy of APT and ZOOM DWI in determining if thyroid nodules were benign or malignant was compared using receiver operating characteristic (ROC) curve analysis.

Results: The mean APTw value of the benign nodules was 2.99 ± 0.79, while that of the malignant nodules was 2.14 ± 0.73. Additionally, there was a significant difference in the APTw values of the two groups (P < 0.05). The mean ADC value of the benign nodules was 1.84 ± 0.41, and was significantly different from that of the malignant nodules, which was 1.21 ± 0.19 (P < 0.05). Scatter point and Pearson test showed a moderate positive correlation between the APT and ADC values (P < 0.05). The ROC curve showed that the area under the curve (AUC) value of ZOOM DWI (AUC = 0.937) was greater than that of APT (AUC = 0.783) (P = 0.028).

Conclusion: APT and ZOOM DWI imaging improved the accuracy of distinguishing between benign and malignant thyroid nodules. ZOOM DWI is superior to APTw imaging (Z = 2.198, P < 0.05).

Keywords: thyroid nodule, diagnosis, magnetic resonance imaging (MRI), amide proton transfer (APT), diffusion-weighted imaging (DWI)


INTRODUCTION

Thyroid nodules are comm and are found in up to 65% of the general population (1). Surgeons and radiologists are often asked to distinguish between benign and malignant thyroid nodules because it is necessary to be aware of the difference when creating treatment plans and surgical strategies, or when performing conservative monitoring of treatment. Examinations of suspected nodules in the clinic are performed using ultrasound, computed tomography (CT), magnetic resonance imaging (MRI), and positron emission tomography (PET). New iterations of the aforementioned imaging techniques have also been integrated into clinical practice including ultrasound contrast, and perfusion or enhanced CT, The use of 18F-FDG in diffusion-weighted imaging (DWI) and PET/CT has been proposed as a useful tool for the distinguishing benign from malignant thyroid nodules (2–5). However, all these techniques are hampered by a number of limitations. For example, ultrasound has insufficient power for retrosternal goiters. Fine needle aspiration biopsy (FNAB) is highly sensitive and specific, and it is commonly used to identify benign and malignant thyroid nodules (5). However, it is an invasive test that can cause physical discomfort or pain for patients (1), with a 10–15% rate of non-definitive diagnosis (6). CT uses radiation and is not suitable for pregnant women or adolescents. 18FDG-PET uptake in thyroid nodules confirmed by ultrasonography increases the risk of thyroid cancer (5). Contrast-enhanced MRI is forbidden for patients with renal failure and contrast media allergy (7). Therefore, a non-invasive and economical method is urgently needed in the clinic to detect and discern between benign and malignant thyroid nodules.

Amide proton transfer (APT) imaging is a molecular MRI method based on chemical exchange saturation transfer that can be used to detect endogenous mobile proteins and peptides even at relatively low molecular concentrations (8–13). Protein accounts for approximately 18% of the human body weight and performs most cellular functions. These proteins can be divided into two types: semi-solid proteins and mobile proteins. Mobile proteins are the basis of APT imaging. APT imaging has been introduced in the clinic for the imaging of breast cancer (14, 15), brain tumors (9, 10, 13), rectal cancer (16), lung cancer (17, 18), prostate cancer (19, 20), and non-neoplastic diseases, such as stroke (21, 22) and ventral hernia (23). Previous studies have shown that APT imaging, as an MRI biomarker for malignant tumors, can help identify the most active proliferative components in the tumor and predict the response of the tumor to treatment. Although APT imaging has had a positive effect on the diagnosis of diseases, to date, APT images have not been developed for or applied to thyroid nodules.

DWI obtains image contrast by measuring the degree of freedom and diffusion direction of water molecules in tissue (24). The apparent diffusion coefficient (ADC) is an important parameter of DWI images (25), which are commonly used in the diagnosis of the thyroid gland (26). Zonally oblique multi-slice (ZOOM) imaging is a novel DWI imaging method. The ZOOM acquisition method provides better image quality and accuracy than non-ZOOM technology (27). It has been proven that it can be applied to the diagnosis of other diseases by scanning areas of the body such as the cervical spinal cord. A shorter time of repetition (TR) can be obtained when ZOOM DWI is used, along with better image quality, higher blood contrast, and less magnetically sensitive artifacts.

In this study, 60 thyroid nodules were obtained from 50 patients who underwent preoperative MRI. The hypothesis of this confirmatory study is that the two non-invasive advanced MRI techniques, free protein-based APT imaging and water-based molecular diffusion-based ZOOM DWI, can be valuable in differentiating between benign and malignant thyroid nodules. Additionally, ZOOM DWI is superior to APTw imaging.



MATERIALS AND METHODS


Study Population

This study was approved by the Ethics Committee of Guangdong Second People's Hospital. All of the patients signed written informed consent forms prior to inclusion. All of the patients underwent conventional short tau inversion recovery (STIR), T1-weighted and T2-weighted imaging. The latest ZOOM DWI and APTw imaging sequences from in vitro MR images for pre-treatment thyroid nodule evaluation from November 2017 to May 2018 were used in the current study. Among 104 patients, 25 patients were excluded because they had no pathological diagnosis due to refusing surgery or undergoing conservative treatment. Five cases of thyroid 131I treatment history or thyroid surgery history were excluded. In the remaining 74 patients, 15 who showed substantial patient motion and inadequate image acquisition were excluded, 8 were excluded because of nodules smaller than 5 mm, and 1 case was excluded because of pathological diagnosis of parathyroid carcinoma. Finally, a total of 50 patients with 60 nodules, including 39 benign thyroid nodules and 21 malignant thyroid nodules, were enrolled in this study, as shown in Figure 1.


[image: image]

FIGURE 1. Flowchart of the patient inclusion and exclusion process.



All of the cases were diagnosed by pathology after surgery. The histologic types of thyroid nodules were as follows: 20 thyroid papillary carcinomas, 1 follicular thyroid cancer, 17 nodular goiter, 20 thyroid adenomas, and 2 cases of Hashimoto's thyroiditis. All of the patients underwent magnetic resonance imaging within 3 days before surgery.



MRI Protocols

All of the cases were subjected to magnetic resonance imaging of the thyroid on a Philips 3T whole-body scanner (Ingenia, 3.0 T; Philips Medical Systems, The Netherlands) with a bore size of 70 cm. In this study, magnetic susceptibility artifacts were reduced in all cases by having patients remove any metal dentures before magnetic resonance imaging. Motion artifacts were reduced by training patients to hold their breath at the appropriate times and avoiding swallowing. A sensitivity-encoding 16-multichannel receiver for head and neck coils was used for thyroid scanning. Our scanning protocol used these sequences to obtain axial imaging: STIR, T1W, T2W, ZOOM DWI, APT, and Gd-enhanced T1-weighted (Gd-T1W) imaging. Gadopentetate dimeglumine (0.2 ml/kg body weight; Magnevist; Bayer Schering, Guangzhou, China) was injected as a bolus via an antecubital vein at a speed of 2.0 mL/s to acquire the axial Gd-T1W images. Specific parameters are given in Table 1.



Table 1. Details of the MR parameters.
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The scan time for each sequence was limited to 5 min, and the imaging acquisition time was intentionally minimized to alleviate patient discomfort. Therefore, gating and anesthesia were not used during the scan. The patient was trained to avoid movement and swallowing before scanning to reduce motion artifacts and improve the image quality.



Image Analysis

The radiologist (Guihua Jiang) and thyroid surgeon (Cheng Li) analyzed each patient's APT and ZOOM DWI images based on post-operative pathology and intra-operative findings. To compare the APT imaging with ZOOM DWI, we analyzed all of the image data using prototype software developed by Philips Medical Systems. The definitions and terms used in this study have been described in previous studies (11, 12, 28–33). APT imaging was quantified by magnetization transfer ratio asymmetry (MTRasym) analysis. The calculated MTRasym (3.5 ppm) image, using B0-corrected magnetization transfer spectral data at the offset of ±3.5 ppm, was deemed the APT image. Philips post-processing software was used to automatically generate ADC diagrams from ZOOM DWI images. The ADC value was automatically calculated after the region of interest (ROI) of each nodule on the ADC map was delimited.

For each imaging method, a combination of surgical findings and pathological results were used. Each ROI was drawn by 1 thyroid surgeon (Cheng Li) and 1 radiologist (Guihua Jiang), who together have 20 years of experience. For each patient, based on the STIR, T1W, and T2W imaging, and enhanced imaging, the ROIs were drawn on the APT imaging and ZOOM DWI images (after removing areas of necrosis, hemorrhage, calcium deposition, and cysts). Each ROI was maximized by placing it at the focus of the entire cross-sectional area of the nodule, thereby minimizing the effects of non-uniformity of the nodule. To minimize the error, each lesion was measured 3 times, and the values averaged to determine the ADC and APT.



Statistical Analysis

In this study, SPSS 20.0 and MedCalc 15 software were employed for data analysis. The relationship between the molecular parameters, the APTw, and ADC values between different benign and malignant thyroid nodules were analyzed by two-samples t-tests. APTw and ADC were statistically evaluated by Pearson correlation. A comparison of diagnostic effects of APT and ZOOM DWI imaging was performed using the receiver operating characteristic (ROC) curve analysis of MedCalc 15. P < 0.05 was considered statistically significant.




RESULTS


Demographics and Clinical Characteristics

No significant differences were observed in age, gender distribution, height, or weight between individuals with benign thyroid nodules and those with malignant nodules. Patient demographic data and characteristics are shown in Table 2.



Table 2. Histological categories and demographic data between benign thyroid individuals and malignant thyroid individuals.
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Data Analysis of APT Imaging and Zoom DWI

The two-sample t-test analysis revealed significantly increased APT values for benign thyroid nodules in comparison to APT values for malignant thyroid nodules (P < 0.05) (Figure 2). Additionally, the ADC of malignant thyroid nodules was significantly lower than that of benign nodules (P < 0.05) (Figure 3).


[image: image]

FIGURE 2. The mean APTw value of the benign nodules was 2.99 ± 0.79, while that of the malignant nodules was 2.14 ± 0.73. Additionally, there was a significant difference between the two groups of APTw values (P < 0.05).
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FIGURE 3. The mean ADC value of the benign nodules was 1.84 ± 0.41, whereas that of the malignant nodules was 1.21 ± 0.19 that showed significant difference among them (P < 0.05).





Correlation Between APTw and ADC

There was a positive correlation between the mean ADC observed in patients with malignant thyroid nodules and the APTw (P < 0.001, R = 0.536) (Figure 4).
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FIGURE 4. Scatter plot and Pearson test show a moderate positive correlation between APTw and ADC.





Comparison of the Diagnostic Performance Between APT Imaging and ZOOM DWI Imaging

Based on the ROC curve of the APT value (area under the curve, AUC = 0.783) and the ADC value (AUC = 0.937), ZOOM DWI imaging was superior to APT imaging in differentiating between benign and malignant thyroid nodules (Figure 5).
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FIGURE 5. APT (AUC = 0.783) < ADC (AUC = 0.937), (Z = 2.198, P = 0.028).






DISCUSSION

Thyroid doctors cannot formulate the most optimal treatment strategies unless accurate evaluation of benign and malignant thyroid nodules can be performed using non-invasive magnetic resonance imaging. APT imaging is a molecular non-invasive MRI technique based on the chemical exchange saturation transfer (CEST) mechanism that detects endogenous mobile proteins and peptides in biological tissues. In this study, we put forward for the first time that APT imaging is meaningful for the differential diagnosis of benign and malignant thyroid nodules. The APT signal of malignant thyroid nodules is lower than that of benign nodules. Malignant thyroid nodules had lower ADC signal values than those of benign thyroid nodules. In addition, we found a moderate positive correlation between APT values and ADC values. Lastly, there were no significant differences between ZOOM DWI imaging and APT imaging in the diagnosis of benign and malignant thyroid nodules.

In our study, all of our diagnoses came from pathological assessment after thyroidectomy, which is a more accurate reference. In this study, we chose >5 mm nodules rather than >10 mm because we used the latest imaging sequences and an advanced imaging system (Philips 3.0T MRI), in order to obtain the best quality images. Additionally, we reduced imaging artifacts by training patients to remain as immobile as possible during scans.

To date, there have been no studies that have examined the sensitivity and specificity of APT imaging for thyroid nodules. Our APT imaging study of the thyroid is different from similar studies that have examined other parts of the body. Previous studies have shown that APT signals are higher in malignant nodules or malignant tumors of other organs. For example, the APTw values of malignant brain tumors were higher than those of benign brain tumors (9, 11, 12), the APTw values of high-grade gliomas were higher than those of low-grade gliomas (10, 13, 30, 34), the APTw values of moderately differentiated colorectal cancer were higher than those of highly differentiated colorectal cancer (16), and the APTw values for malignant pulmonary lesions were higher than those of benign pulmonary lesions (35). However, there have also been differences in studies, and the APTw value of the prostate cancer Gleason score (GS) in the score 7 group was the highest among the score 6–9 groups (19).

Unlike other malignancies, papillary thyroid cancer is a very latent disease (36–39), Therefore, the slow proliferation of cells accounts for the lower APTw value. In contrast, thyroid adenomas often grow into solitary large nodules, and the nodular goiter is diffusely enlarged. This phenomenon is in line with the principle of APT imaging, which is mainly based on the concentration of free proteins and peptides in the thyroid nodules. The APTw value increases with increases in the concentration of mobile proteins and peptides (40–42). Malignant nodules may destroy the thyroid membrane, thereby affecting the transport and exchange of related microscopic substances. Studies have confirmed by pathology and contrast-enhanced ultrasound that the microvessel density of malignant thyroid nodules is lower than that of benign thyroid nodules. The low microvessel density limits proton exchange between free protein and water, reduces cell growth and metabolism, and results in malignant thyroid nodules. In our study, APT values were lower in malignant thyroid nodules than in benign thyroid nodules. In addition, the nuclei of malignant thyroid nodules are larger, and the proportion of nuclear cytoplasm is increased (43). This may be one reason to account for the decreased APT values in malignant thyroid nodules in comparison to benign thyroid nodules.

Our findings on ZOOM DWI in thyroid nodules are consistent with those of previous studies, where ADC signals for malignant thyroid nodules are lower than those of benign nodules (25, 26, 44, 45), indicating that the diffusion of water molecules in malignant thyroid nodules is limited. The reduction in microvessel density and the destruction of the thyroid capsule, which occur in thyroid cancer, can also account for lowered ADC signals in malignant thyroid nodules. However, a small number of studies have demonstrated that the differentiation of benign and malignant thyroid nodules based on ADC is ineffective (46). These differences between studies can be ascribed to the different technologies used, including the choice of B values, and the workstations used in ADC computing. The presence of necrotic or hemorrhagic nodules or poor image quality caused by low-field MRI magnets may also account for this difference (39). In addition, we found that there is a moderate positive correlation between APTw values and ADC values. It is possible that both values are related to the exchange of substances, and subsequently increase with increases in the rate of exchange of substances. It was found that ZOOM DWI was superior to APT in the diagnosis of thyroid nodules, which may be explained by APT imaging is a new technology that is not yet fully developed.

This study has several limitations. First, the sample size of the study is relatively small. Future studies will require a larger sample size so as to improve the power of the statistical analysis of our results. In addition, local absorption of heat causes elevated body temperature and results in patients feeling uncomfortable during the examination. Therefore, the specific absorption rate should be considered, which requires the selection of suitable pulse energy and scanning time so that the APT sequence can be further optimized.



CONCLUSIONS

In the current study, APT and ZOOM DWI were compared as two promising imaging methods for evaluating thyroid nodules at the cellular and molecular level. Our results indicate that they provide additional accurate clinical diagnostic information. These important auxiliary methods are of great value for differentiating benign and malignant thyroid nodules. We also found that APT imaging was moderately correlated with ADC values for thyroid nodules.



AUTHOR CONTRIBUTIONS

CL designed experiments; GL, LN, and JY carried out experiments; MJ analyzed experimental results; RD analyzed sequencing data and developed analysis tools. YZ, JL, and YY assisted with collecting data; RL, GJ, and PG wrote the manuscript.



FUNDING

 This work was supported by the National Natural Science Foundation of China (81471639, 81771807), Science and Technology Department of Guangdong Province, China (2017ZC0260), Natural Science Foundation of Guangdong Province (2018A0303130129), and Traditional Chinese Medicine department of Guangdong Province, China (20171009, 20171010).



REFERENCES

 1. Durante C, Grani G, Lamartina L, Filetti S, Mandel SJ, Cooper DS. The diagnosis and management of thyroid nodules: a review. JAMA (2018) 319:914–24. doi: 10.1001/jama.2018.0898

 2. Warren FR, Richards M. computed tomography and magnetic resonance imaging of the thyroid and parathyroid glands. Front Horm Res. (2016) 45:16–23. doi: 10.1159/000442274

 3. Lim HK, Park ST, Ha H, Choi SY. Thyroid nodules detected by contrast-enhanced magnetic resonance angiography: prevalence and clinical significance. PLoS ONE (2016) 11:e0149811. doi: 10.1371/journal.pone.0149811

 4. Chen L, Xu J, Bao J, Huang X, Hu X, Xia Y, et al. Diffusion-weighted MRI in differentiating malignant from benign thyroid nodules: a meta-analysis. BMJ Open (2016) 6:e008413. doi: 10.1136/bmjopen-2015-008413

 5. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, et al. 2015 American thyroid association management guidelines for adult patients with thyroid nodules and differentiated thyroid cancer: the american thyroid association guidelines task force on thyroid nodules and differentiated thyroid cancer. Thyroid Off J Am Thyroid Assoc. (2015) 156:2165. doi: 10.1089/thy.2015.0020

 6. Pacini F, Burroni L, Ciuoli C, Di Cairano G, Guarino E. Management of thyroid nodules: a clinicopathological, evidence-based approach. Eur J Nucl Med Mol Imaging (2004) 31:1443–9. doi: 10.1007/s00259-004-1680-0

 7. Sourbron SP, Buckley DL. Classic models for dynamic contrast-enhanced MRI. NMR Biomed. (2013) 26:1004–27. doi: 10.1002/nbm.2940

 8. Zheng Y, Wang X. The applicability of amide proton transfer imaging in the nervous system: focus on hypoxic-ischemic encephalopathy in the neonate. Cell. Mol. Neurobiol. (2018) 38:797–807. doi: 10.1007/s10571-017-0552-7

 9. Joo B, Han K, Choi YS, Lee S, Ahn SS, Chang JH, et al. Amide proton transfer imaging for differentiation of benign and atypical meningiomas. Eur. Radiol. (2018) 28:331–9. doi: 10.1007/s00330-017-4962-1

 10. Park JE, Lee JY, Kim HS, Oh J, Jung SC, Kim SJ, et al. Amide proton transfer imaging seems to provide higher diagnostic performance in post-treatment high-grade gliomas than methionine positron emission tomography. Eur. Radiol. (2018). doi: 10.1007/s00330-018-5341-2

 11. Law B, King AD, Ai QY, Poon D, Chen W, Bhatia KS, et al. Head and neck tumors: amide proton transfer MRI. Radiology (2018) 28:3285–95. doi: 10.1148/radiol.2018171528

 12. Choi SH. Can amide proton transfer MRI distinguish benign and malignant head and neck tumors? Radiology (2018) 288:791–2. doi: 10.1148/radiol.2018180914

 13. Choi YS, Ahn SS, Lee S, Chang JH, Kang S, Kim SH, et al. Amide proton transfer imaging to discriminate between low- and high-grade gliomas: added value to apparent diffusion coefficient and relative cerebral blood volume. Eur. Radiol. (2017) 27:3181–9. doi: 10.1007/s00330-017-4732-0

 14. Klomp DWJ, Dula AN, Arlinghaus LR, Italiaander M, Dortch RD, Zu Z, et al. Amide proton transfer imaging of the human breast at 7T: development and reproducibility. NMR Biomed. (2013) 26:1271–7. doi: 10.1002/nbm.2947

 15. Dula N, Dewey BE, Arlinghaus LR, Williams JM, Klomp D, Yankeelov TE, et al. Optimization of 7-T chemical exchange saturation transfer parameters for validation of glycosaminoglycan and amide proton transfer of fibroglandular breast tissue. Radiology (2015) 275:255–61. doi: 10.1148/radiol.14140762

 16. Nishie Takayama Y, Asayama Y, Ishigami K, Ushijima Y, Okamoto D, et al. Amide proton transfer imaging can predict tumor grade in rectal cancer. Magn. Reson. Imaging (2018) 51:96–103. doi: 10.1016/j.mri.2018.04.017

 17. Togao O, Kessinger CW, Huang G, Soesbe TC, Sagiyama K, Dimitrov I, et al. Characterization of lung cancer by amide proton transfer (APT) imaging: an in-vivo study in an orthotopic mouse model. PLoS ONE (2013) 8:e77019. doi: 10.1371/journal.pone.0077019

 18. Ohno Y, Yui M, Koyama H, Yoshikawa T, Seki S, Ueno Y, et al. Chemical exchange saturation transfer mr imaging: preliminary results for differentiation of malignant and benign thoracic lesions. Radiology (2015) 279:578–89. doi: 10.1148/radiol.2015151161

 19. Takayama Y, Nishie A, Sugimoto M, Togao O, Asayama Y, Ishigami K, et al. Amide proton transfer (APT) magnetic resonance imaging of prostate cancer: comparison with Gleason scores. Magn Reson Mater Phys Biol Med. (2016) 29:671–9. doi: 10.1007/s10334-016-0537-4

 20. Jia G, Abaza R, Williams JD, Zynger DL, Zhou J, Shah ZK, et al. Amide proton transfer MR imaging of prostate cancer: a preliminary study. J. Magn. Reson. Imaging (2011) 33:647–54. doi: 10.1002/jmri.22480

 21. Li H, Zu Z, Zaiss M, Khan IS, Singer RJ, Gochberg DF, et al. Imaging of amide proton transfer and nuclear overhauser enhancement in ischemic stroke with corrections for competing effects. NMR Biomed. (2015) 28:200–9. doi: 10.1002/nbm.3243

 22. Tee YK, Harston GWJ, Blockley N, Okell TW, Levman J, Sheerin F, et al. Comparing different analysis methods for quantifying the MRI amide proton transfer (APT) effect in hyperacute stroke patients. NMR Biomed. (2014) 27:1019–29. doi: 10.1002/nbm.3147

 23. Franconi F, Roux J, Garric X, Lemaire L. Early postsurgical visualization of composite mesh used in ventral hernia repair by amide proton transfer MRI. Magn Reson Med. (2014) 71:313–7. doi: 10.1002/mrm.24666

 24. Iima M, Le Bihan D. Clinical intravoxel incoherent motion and diffusion MR imaging: past, present, and future. Radiology (2016) 278:13–32. doi: 10.1148/radiol.2015150244

 25. Khizer T, Raza S, Slehria AU. Diffusion-weighted MR imaging and ADC mapping in differentiating benign from malignant thyroid nodules. J Coll Physicians Surg Pak. (2015) 25:785–8.

 26. Hao Y, Pan C, Chen W, Li T, Zhu W, Qi J. Differentiation between malignant and benign thyroid nodules and stratification of papillary thyroid cancer with aggressive histological features: whole-lesion diffusion-weighted imaging histogram analysis. J Magn Reson Imaging (2016) 44:1546–55. doi: 10.1002/jmri.25290

 27. Alizadeh M, Poplawski MM, Fisher J, Gorniak R, Dresner A, Mohamed FB, et al. Zonally magnified oblique multislice and non-zonally magnified oblique multislice DWI of the cervical spinal cord. AJNR Am J Neuroradiol. (2018) 39:1555–61. doi: 10.3174/ajnr.A5703

 28. By S, Barry RL, Smith AK, Lyttle BD, Box BA, Bagnato FR, et al. Amide proton transfer CEST of the cervical spinal cord in multiple sclerosis patients at 3T. Magn. Reson. Med. (2018) 79:806–14. doi: 10.1002/mrm.26736

 29. Zou T, Yu H, Jiang C, Wang X, Jiang S, Rui Q, et al. Differentiating the histologic grades of gliomas preoperatively using amide proton transfer-weighted (APTW) and intravoxel incoherent motion MRI. NMR Biomed. (2018) 31:e3850. doi: 10.1002/nbm.3850

 30. Togao O, Hiwatashi A, Yamashita K, Kikuchi K, Keupp J, Yoshimoto K, et al. Grading diffuse gliomas without intense contrast enhancement by amide proton transfer MR imaging: comparisons with diffusion- and perfusion-weighted imaging. Eur. Radiol. (2017) 27:578–88. doi: 10.1007/s00330-016-4328-0

 31. Park JE, Kim HS, Park KJ, Kim SJ, Kim JH, Smith SA. Pre- and posttreatment glioma: comparison of amide proton transfer imaging with MR spectroscopy for biomarkers of tumor proliferation. Radiology (2016) 278:514–23. doi: 10.1148/radiol.2015142979

 32. Park JE, Kim HS, Park KJ, Choi CG, Kim SJ. Histogram analysis of amide proton transfer imaging to identify contrast-enhancing low-grade brain tumor that mimics high-grade tumor: increased accuracy of MR perfusion. Radiology (2015) 277:151–61. doi: 10.1148/radiol.2015142347

 33. Bahl M, Sosa JA, Eastwood JD, Hobbs HA, Nelson RC, Hoang JK. Using the 3-tiered system for categorizing workup of incidental thyroid nodules detected on CT, MRI, or PET/CT: how many cancers would be missed? Thyroid (2014) 24:1772–8. doi: 10.1089/thy.2014.0066

 34. Jiang S, Yu H, Wang X, Lu S, Li Y, Feng L, et al. Molecular MRI differentiation between primary central nervous system lymphomas and high-grade gliomas using endogenous protein-based amide proton transfer MR imaging at 3 Tesla. Eur Radiol. (2016) 26:64–71. doi: 10.1007/s00330-015-3805-1

 35. Ohno Y, Kishida Y, Seki S, Yui M, Miyazaki M, Koyama H, et al. Amide proton transfer-weighted imaging to differentiate malignant from benign pulmonary lesions: comparison with diffusion-weighted imaging and FDG-PET/CT. J Magn Reson Imaging (2018) 47:1013–21. doi: 10.1002/jmri.25832

 36. Ruggiero R, Bosco A, Pirozzi R, Bondanese MC, Gualtieri G, Docimo L. Papillary thyroid microcarcinoma in super obese patient. G Chir (2018) 39:173–6. doi: 10.11138/gchir/2017.39.3.173

 37. Ito Y, Kudo T, Kihara M, Takamura Y, Kobayashi K, Miya A, et al. Prognosis of low-risk papillary thyroid carcinoma patients: its relationship with the size of primary tumors. Endocr J. (2012) 59:119–25. Available online at: https://www.jstage.jst.go.jp/article/endocrj/59/2/59_EJ11-0288/_article

 38. Buj R, Mallona I, Díezvillanueva A, Zafón C, Mate JL, Roca M, et al. Kallikreins stepwise scoring reveals three subtypes of papillary thyroid cancer with prognostic applications. Thyroid (2018) 28:601–12. doi: 10.1089/thy.2017.0501

 39. Ilica T, Artaş H, Ayan A, Günal A, Emer O, Kilbas Z, et al. Initial experience of 3 tesla apparent diffusion coefficient values in differentiating benign and malignant thyroid nodules. J Magn Reson Imaging (2013) 37:1077–82. doi: 10.1002/jmri.23913

 40. Zhou J, Payen JF, Wilson DA, Traystman RJ, van Zijl PC. Using the amide proton signals of intracellular proteins and peptides to detect pH effects in MRI. Nat Med. (2003) 9:1085–90. doi: 10.1038/nm907

 41. Kanazawa Y, Fushimi Y, Sakashita N, Okada T, Arakawa Y, Miyazaki M. B1 power optimization for chemical exchange saturation transfer imaging. a phantom study using egg white for amide proton transfer imaging applications in the human brain. Magn Reson Med Sci. (2018) 17:86–94. doi: 10.2463/mrms.tn.2016-0069

 42. Clark DJ, Smith AK, Dortch RD, Knopp MV, Smith SA. Investigating hydroxyl chemical exchange using a variable saturation power chemical exchange saturation transfer (vCEST) method at 3 T. Magn Reson Med. (2016) 76:826–37. doi: 10.1002/mrm.25987

 43. Schueller-Weidekamm Schueller G, Kaserer K, Scheuba C, Ringl H, Weber M, et al. Diagnostic value of sonography, ultrasound-guided fine-needle aspiration cytology, and diffusion-weighted MRI in the characterization of cold thyroid nodules. Eur J Radiol. (2010) 73:538–44. doi: 10.1016/j.ejrad.2008.12.013

 44. Noda Y, Kanematsu M, Goshima S, Kondo H, Watanabe H, Kawada H, et al. MRI of the thyroid for differential diagnosis of benign thyroid nodules and papillary carcinomas. AJR Am J Roentgenol. (2015) 204:W332–5. doi: 10.2214/AJR.14.13344

 45. Wu Y, Yue X, Shen W, Du Y, Yuan Y, Tao X, et al. Diagnostic value of diffusion-weighted MR imaging in thyroid disease: application in differentiating benign from malignant disease. BMC Med Imaging (2013) 13:23. doi: 10.1186/1471-2342-13-23

 46. Sasaki M, Sumi M, Kaneko K, Ishimaru K, Takahashi H, Nakamura T. Multiparametric MR imaging for differentiating between benign and malignant thyroid nodules: initial experience in 23 patients. J Magn Reson Imaging (2013) 38:64–71. doi: 10.1002/jmri.23948

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2018 Liu, Jiang, Gao, Li, Nie, Yan, Jiang, Duan, Zhao, Luo, Yin and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	
	REVIEW
published: 14 December 2018
doi: 10.3389/fendo.2018.00736






[image: image2]

Active Surveillance for Papillary Thyroid Microcarcinoma: Challenges and Prospects


Shuai Xue1, Peisong Wang1, Zachary A. Hurst2, Yi Seok Chang2 and Guang Chen1*


1Thyroid Surgery Department, The First Hospital of Jilin University, Changchun, China

2Department of Physiology and Cell Biology, The Ohio State University, Columbus, OH, United States

Edited by:
Ewelina Szczepanek-Parulska, Poznan University of Medical Sciences, Poland

Reviewed by:
Rocco Bruno, Independent Researcher, Matera, Italy
 Trevor Edmund Angell, University of Southern California, United States

* Correspondence: Guang Chen, jidayiyuanjzx@sina.com

Specialty section: This article was submitted to Thyroid Endocrinology, a section of the journal Frontiers in Endocrinology

Received: 16 August 2018
 Accepted: 20 November 2018
 Published: 14 December 2018

Citation: Xue S, Wang P, Hurst ZA, Chang YS and Chen G (2018) Active Surveillance for Papillary Thyroid Microcarcinoma: Challenges and Prospects. Front. Endocrinol. 9:736. doi: 10.3389/fendo.2018.00736



Active surveillance (AS) can be considered as an alternative to immediate surgery in low-risk papillary thyroid microcarcinoma (PTMC) without clinically apparent lymph nodes, gross extrathyroidal extension (ETE), and/or distant metastasis according to American Thyroid Association. However, in the past AS has been controversial, as evidence supporting AS in the management of PTMC was scarce. The most prominent of these controversies included, the limited accuracy and utility of ultrasound (US) in the detection of ETE, malignant lymph node involvement or the advent of novel lymph node malignancy during AS, and disease progression. We summarized publications and indicated: (1) US, performer-dependent, could not accurately diagnose gross ETE or malignant lymph node involvement in PTMC. However, the combination of computed tomography and US provided more accurate diagnostic performance, especially in terms of selection sensitivity. (2) Compared to immediate surgery patients, low-risk PTMC patients had a slightly higher rate of lymph node metastases (LNM), although the overall rate for both groups remained low. (3) Recent advances in the sensitivity and specificity of imaging and incorporation of diagnostic biomarkers have significantly improved confidence in the ability to differentiate indolent vs. aggressive PTMCs. Our paper reviewed current imagings and biomarkers with initial promise to help select AS candidates more safely and effectively. These challenges and prospects are important areas for future research to promote AS in PTMC.
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INTRODUCTION

In an early era of medicine, cancer was diagnosed at advanced and incurable stages due to poor diagnostic technologies and limited therapeutic options. High mortality from cancer evoked fear and promoted “early detection and curative treatment” as the holy grail for oncologists (1). Improved technology shifted cancer diagnosis to earlier time-points at less advanced stages, the so called “stage migration.” Consequently, detection of sub-clinical small cancers became feasible (1, 2). Attributable to improvements in early detection and subsequent increased the number of novel diagnoses, the incidence of localized, in situ, cancers (particularly thyroid, melanoma, and kidney) doubled or tripled between 1975 and 2005 according to SEER database (https://seer.cancer.gov/). Despite the increased incidence, thyroid cancer mortality remains stable (3). Moreover, owing to indolent behavior and favorable prognosis of these cancers, high frequency of occult microcarcinoma in autopsy studies has been also reported (4–9). These evidences indicated that doctors were diagnosing and treating many inert cancers, which would never cause any harm or threaten patient's lives even if left untreated.

Concerns about overdiagnosis and overtreatment lead to the introduction of active surveillance (AS) for indolent cancers, such as low-risk prostate cancer and papillary thyroid cancer, whose 5-year survival rates approached 100%(10). AS has become a routine treatment strategy for localized prostate cancer (11–13). A randomized controlled trial (ProtecT Trial) with median 10-year follow up reported prostate-cancer-specific-mortality was low among different treatment groups (AS, Surgery and Radiotherapy) and no significant difference existed in overall survival among the three treatment strategies. “Low risk” prostate cancer was defined as clinical stage T1-T2a (physical examination and imaging), Gleason Score ≤ 6 (biopsy), and prostate specific antigen < 10 ng/mL (blood test) (14). To date, the most comprehensive study of AS in papillary thyroid microcarcinoma (PTMC) was conducted by the Kuma hospital in Japan. In their prospective trial, 8% of 1,235 PTMC patients demonstrated tumor enlargement ≥3 mm and 3.8% demonstrated novel lymph node metastases (LNM) at 10-year follow-up (15). While prognosis for both the immediate surgery and AS cohorts remained excellent, there were significantly less unfavorable events (mainly surgery complications) and medical cost in AS group patients (15). Thus, an increasing number of low-risk PTMC patients in Kuma hospital chose AS as their initial management strategy (16). Per the Kuma hospital criteria, “low risk” PTMC was defined as: no N1 and M1; no sign or symptom of invasion to the recurrent laryngeal nerve (RLN) or trachea; no high-grade malignancy in cytology. In contrast to prostate cancer, this criteria for determining AS candidacy in PTMC was heavily dependent on accuracy of imaging, especially ultrasound. Whether imaging examination could rule out small group of aggressive PTMC from AS candidates reliably remains unknown.

On the basis of these limited data, Leboulleux et al. recommended AS with curative intent should be considered in properly selected PTMC patients (17). However, this suggestion was contested by doctors from United Kingdom, United States, China, and Italy, which meant AS was not equally accepted by all physicians around the world. Clinicians showed little acceptance of AS because they believed evidence to support AS in PTMC was insufficient (18). In contrast to prostate cancer, thyroid cancer patients have better prognoses and lower mortality. However, the utility of AS in thyroid cancer remains controversial. Patients and clinicians alike worry delaying immediate treatment, as would be indicated by AS, may result in more extensive surgical intervention should substantial disease progression occur from the time of initial diagnosis. To address these concerns, it is essential to critically evaluate the ability of diagnostic imaging and biomarkers to accurately stratify risk in PTMC patients.



DIAGNOSTIC ACCURACY OF PREOPERATIVE US


Extrathyroidal Extension (ETE)

ETE, defined as tumor spread outside of the thyroid gland and into the surrounding tissues, occurs in up to 30% of differentiated thyroid cancer cases (19–23). Minimal ETE, detectable only on histological examination, was not a risk factor for disease specific survival and disease related mortality. Gross ETE, or macroscopic ETE, predicted increased recurrence and mortality (24). Thus, the general consensus is to consider gross ETE as an absolute indication for total thyroidectomy and administration of postoperative radioactive iodine (25). Differentiating minimal from gross ETE is essential in the selection of candidates for AS, however, to date, there is no reliable data to evaluate the diagnostic accuracy of ultrasound (US) alone for gross ETE in PTMC. As shown in Table 1, several studies assessed diagnostic ability of US for ETE (minimal and gross) in PTC or PTMC (26–33). The sensitivity and specificity of US ranged from 25 to 100% and from 13 to 93%, respectively. The huge variation in accuracy of US among different studies may result from➀: different percentage of minimal and gross ETE; ➁: different diagnostic criteria of US; and ➂: different levels of experience of the US technicians. Furthermore, we extracted 9 cases of T4 PTC patients from 5 articles and found that only 1 patient was diagnosed correctly by US, as shown in Table 2 (30, 34–37). That indicates US alone, which is dependent on the experience of the technician and interpreting physician, can't be used to reliably diagnose gross ETE in PTMC.



Table 1. Diagnostic accuracy of preoperative ultrasound for extrathyroidal extension in thyroid cancer.
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Table 2. Diagnostic accuracy of preoperative ultrasound for pathologic T4 papillary thyroid carcinoma.
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Tracheal and RLN invasiveness are the most commonly observed gross ETE. Consequently, the Kuma hospital elected to implement “no signs or symptoms of invasion to RLN or trachea” as their selection criteria for AS in PTMC (15). In 2005, a study from Kuma hospital demonstrated US could diagnose tracheal invasion of PTC with extremely favorable sensitivity, specificity, and accuracy of 91, 93, and 93%, respectively (27). Moreover, Ito from Kuma hospital diagnosed tracheal invasion from low-risk PTMC based on the angles between tumor and tracheal wall with 100% sensitivity and 94.5% specificity, while diagnosis of RLN invasion was based on whether the normal rim of the thyroid was clearly present in the direction of RNL with 100% sensitivity and 90.3% specificity. However, 841 (74%) low-risk PTMC patients in this study were diagnosed with help of plain neck computed tomography (CT) because of uncertainty in US imaging. A study enrolled 377 PTC patients demonstrated the combination of US and CT scan decreased the false negative and false positive rates, improving ETE prediction accuracy. In a subgroup of PTMC, the combination of US and CT features also increased positive predictive value (PPV) remarkably (31). Choi et al. demonstrated that contrast-enhanced CT imaging correctly diagnosed a PTC patient as T4, while US alone would have categorized the patient as T3. However, they indicated the combined use of contrast-enhanced CT imaging and US did not improve accuracy for the diagnosis of minimal ETE in PTMC patients (35).

Currently, there are very few studies reporting RLN invasion in PTMC, presumably due to the low incidence of RLN invasion in PTMC. Ito et al. found only 9 of 1,143 PTMC patients with RLN invasion, all 9 of whom had a tumor diameter of 7 mm or larger. Consequently, Ito et al. concluded tumors of < 7 mm in their largest diameter were unlikely to have RLN invasion. But PTMC was derived from abnormal follicular epithelial cell which meant it could be located anywhere within the thyroid. Small PTMCs (< 5 mm) which invade RLN were more likely located in the dorsal part of thyroid. Inaccurate identification for boundaries of small PTMCs and dorsal membrane of thyroid by US may lead to misdiagnosis of gross ETE. Due to limitations in US at the time of evaluation, ETE in these patients was incorrectly assessed. The evidence reminds us of the limited efficacy for US alone in predicting gross ETE and that not all PTMC patients are low risk.



Lymph Node Metastases

LNM to the central and lateral compartments are common occurrences in PTC, and increase the rate of loco-regional recurrence and mortality, especially among old patients (38). Nearly 80% of PTC patients had micrometastatic lymph nodes on postoperative pathologic examination while 30% had clinical lymph nodes on initial presentation (39, 40). However, as shown in Table 3, the accuracy of preoperative US for diagnosing metastatic lymph nodes is low (26, 35, 36, 41–52). Appropriate selection of candidates for AS requires high sensitivity in order to prevent the enrollment of higher-risk PTMC patients. To predict central lymph node metastases (CLNM), sensitivity of US ranged from 22.6 to 55%, meaning nearly half of CLNM were not correctly diagnosed. This is perhaps due to the difficulty in detecting metastatic lymph nodes in the retropharynx, superior mediastinum, and deep trachea-esophageal groove. In contrast to CLNM, US sensitivity to detect lateral lymph node metastases (LLNM) was much better (62 to 100%). Of note, micrometastases are less important clinically compared to macrometastases. The benefit of treating incidentally identified micro-metastases are not well-demonstrated. Consequently, the American Thyroid Association (ATA) recommended fine needle aspiration (FNA) only for suspicious cervical lymph nodes larger than 8–10 mm (25). Among the articles we summarized in Tables 3, 5 studies focused on metastatic lymph nodes larger than 8–10 mm (26, 35, 47, 50, 52). However, the sensitivity of US for diagnosing CLNM remained low (26–53.2%). US didn't show any advantages in diagnostic ability for larger metastatic lymph nodes compared with the micrometastases.



Table 3. Diagnostic accuracy of preoperative ultrasound for metastatic lymph nodes in thyroid cancer.
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Shown in Figure 1 and Table 4, standalone CT imaging, or CT combined with US remarkably increased CLNM and LLNM diagnostic sensitivity and accuracy (35, 42, 43, 48, 50). In Choi's study which focused on metastatic lymph nodes larger than 10 mm, combination of US and CT increased sensitivity of CLNM from 53.2 to 73%, and LLNM from 93.9 to 95.9% (35). A separate prospective study from United States demonstrated that the combination of US and CT increased sensitivity of detecting metastatic central and lateral lymph node significantly to 54, 97%, respectively. Accordingly, they suggested combination of US and CT could provide reliable preoperative macroscopic nodal metastasis information to design rational nodal surgery in PTC patients (50).


[image: image]

FIGURE 1. Diagnostic sensitivity was improved by CT alone or combination of US and CT for CLNM (A) and LLNM (B). Overall sensitivity of US and/or CT for LLNM was higher than for CLNM. Among Choi (43) and Lesnik (50) studies which only evaluated cervical lymph nodes larger than 10 mm, the combination of US and CT also provided highest sensitivity. The sensitivity for diagnosis of CLNM and LLNM by combination of US and CT was not evaluated in Ahn study (35).





Table 4. Diagnostic accuracy of preoperative ultrasound and computed tomography for metastatic lymph nodes in thyroid cancer.
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The limitations of US to detect thyroid nodule and cervical lymph nodes were operator-dependent, presumably due to difficultly in evaluating deep anatomic structures such as mediastinum, parapharyngeal, retropharyngeal and infraclavicular regions, acoustically shadowed by bone, calcification or air (66). As a result, the 2015 ATA guideline recommended preoperative CT as an adjunct to US for patients with large or invasive primary tumor or US suspected advanced disease (25). Nevertheless, is it possible to diagnose gross ETE with virtually 100% sensitivity, as reported by the Kuma hospital? Could we diagnose cervical macroscopic LNM with decent sensitivity only by US? As summarized above, it may be possible to approach this high sensitivity through the combination of diagnostic CT and US imaging, which demonstrated significant improvements in diagnostic performance compared to US alone.



Radiologist vs. Surgeon Performed US

Multiple studies demonstrated that radiologist-performed USs were less accurate and provided inadequate preoperative staging when compared to surgeon-performed USs (67–70). Nearly half of patients received incorrect initial surgery with high local recurrence when an operation decision was made only based on radiologist-performed USs. Denise Carneiro-Pla reported surgeon-performed US changed the therapeutic strategy of 45% thyroid cancer patients through the accurate identification of CLNM/LLNM and thyroid intrathoracic extension (69). Rosebel Monteiro demonstrated that metastatic lymph nodes were diagnosed more frequently by CT imaging than US (70.8 vs. 54%). Moreover, surgeon-performed US was only able to detect 45% of metastatic lymph nodes in a cohort comprised of patients with LLNM (67). In the Kuma hospital, US was performed by specially trained sonographers and retrospectively reviewed by surgeons (15). Thus, it is extremely important to note that the appropriate selection of low-risk PTMC patients for AS is limited by the experience, or inexperience, of diagnosing physicians. Addressing this issue means improvements in both imaging technologies and in the education of physicians play important roles in AS candidate selection.




NOVEL LNM DURING AS

Sixteen percent of AS patients will require surgical intervention due to disease progression (71, 72). However, despite disease progression, prognosis in these patients remains remarkably excellent due to the success of salvage surgery (15). In certain circumstances, most commonly the appearance of a novel LNM in the lateral/central compartment, delayed surgical intervention may increase the risk of subjecting a patient to more invasive surgical procedures, an increased risk of recurrence, and more extensive follow-up. A retrospective study which enrolled 8,808 PTMC in Korea demonstrated 12 PTMC with distant metastases had cervical lymph node involvement. Among them, 10 patients had clinically apparent lateral lymph nodes, while 2 had microscopic CLNM (73). Xu et al. investigated 3,750 non-anaplastic follicular cell-derived thyroid carcinomas and found that, of the 3 PTMC-related deaths, all 3 patients had clinically apparent cervical lymph nodes (74). Clinically apparent cervical lymph nodes were positively related with recurrence, distant metastases, and disease-specific mortality. Consequently, patients in which cervical lymph node involvement is detected during follow-up, no longer benefit from AS, and additional therapeutic intervention should be explored. According to a series of studies from Kuma hospital, the rates of novel lymph node appearance among patients undergoing AS were 1.2, 1.5, and 2.1% with an average of 3.9, 5, and 6.2 years of observation, respectively (72, 75, 76). Ito et al. explained that LNM may occur prior to, or at a very early stage of, PTMC diagnosis. Consequently, immediate surgery will not prevent metastases to the neck lymph node(s) and these patients will have recurrence and require a salvage operation in the future regardless of the initial management strategy (15). However, it is debated as to whether novel LNM during AS are completely comparable to recurrent lymph node involvement in an immediate surgery cohort, as it is difficult to demonstrate whether the tumor cells disseminate into lymph node during AS or before diagnosis.

If early dissemination of tumor cells to a regional or distant lymph node has occurred prior to diagnosis and/or initial thyroidectomy, excision of the primary thyroid cancer is unlikely to prevent recurrent disease localized to the lymph nodes. The parallel progression hypothesis, defined as the capacity of tumor cells to spread to the lymph nodes or more distant sites from the primary tumor site at a very early stage of tumorigenesis leading to the independent progression/evolution of a metastatic site, may explain early dissemination and frequent lymph node recurrence after surgery (77). PTC recurs much more frequently at central or lateral lymph node than thyroid bed after surgery (55, 78, 79), suggesting that recurrent lymph nodes of the neck had an early dissemination event prior to excision of the primary PTC.

Microscopic metastasis in regional lymph nodes was present in up to 63.83% of PTMC patients, although the recurrence rate was much lower to 1–5% (17, 80). The mechanism of lymph node recurrence after initial surgery without prophylactic lymph node dissection was possibly the outgrowth of micro-metastatic deposits into overt tumors. Whether or not a population of microscopic tumor cells can transform into clinically apparent lymph nodes may depend on not only the intrinsic genetic alterations of the cancer cells themselves but also the state of the host environment (81). It is well-known that both the local tissue microenvironment and the systemic physiological environment play significant roles in regulating dormant disseminated tumor cells into gross metastasis. Additionally, the tumor microenvironment can change during multiple steps of tumor progression and metastases, which could either inhibit or facilitate the progression of microscopic lymph nodes to clinically apparent lymph nodes (82–84). Perhaps, however, there exists a connection between persistent tumor foci in the thyroid and the progression of LNM from microscopic to clinically apparent.

We summarized 13 PTMC cohorts, each containing more than 200 patients, who received immediate surgery, shown in Table 5 (53–65). We hypothesize, that AS patients should have a lower rate of novel clinically apparent metastatic lymph nodes than the rate of recurrent lymph nodes in PTMC cohort with gross ETE and/or palpable lymph nodes. However, as shown in Figure 2, we found novel LNM during AS was not less than lymph node recurrence rate among 6 of 11 PTMC cohorts with median follow-up time <10 years. Meanwhile, 5 of these 11 cohorts had relatively higher lymph node recurrence rates than AS group because all of these cohorts had patients with gross ETE and clinical involved lymph nodes. Among these 13 PTMC cohorts, there were two studies which enrolled low-risk PTMC patients without gross ETE or clinically apparent lymph nodes. Their lymph node recurrence rates were 1.2 and 0.7% with 5.4- and 5.8-year follow up, which were less than 1.5 and 2.1% of novel lymph node appearance rate with 5- and 6.2-year observation time in AS cohort from Kuma hospital (64, 65, 72, 76). With limited data, the rate of clinical apparent LNM in low-risk PTMC patients under AS seems to be a little higher than patients with immediate surgery. Considering cofounders between different patient's cohorts, this preliminary result needs to be supported and proved by more evidence in the future. Oda et al. compared clinicopathological and prognostic features of low-risk PTMC between AS and immediate surgery groups with a comparable experimental timeline. They found novel LNM appeared in 6 of 1179 AS patients (0.5%), whereas only 2 of 974 (0.2%) patients choosing immediate surgery experienced recurrence in cervical lymph nodes although this difference was not statistically significant (85). A study from Italy which enrolled 312 very low-risk PTMC (No family history of thyroid cancer; No history of head and neck irradiation; Tumor staging: T1 1 cm or less, N0, M0; No extension beyond thyroid capsule; Unifocal; Not aggressive histologic subtype; Not locally invasive) with 6.7-year follow up demonstrated none of the patients had lymph node recurrence (86). In addition, another study from Kuma hospital found up to 11% of PTMC in cohort of young patients aged 20 to 29 had novel LNM with median 5.5-year follow up (87). If novel LNM in AS group was completely comparable with lymph node recurrence in an immediate surgery cohort, should 11% of low-risk PTMC in 20 s group who underwent immediate surgery have lymph node recurrence after 5.5-year follow up? Patient age was believed to be predictor for novel lymph node appearance during AS (72, 87). However, age was not a risk factor for cervical lymph node recurrence in PTMC patients (79, 88).



Table 5. Cervical lymph node recurrence rate in different papillary thyroid microcarcinoma cohorts with immediate surgery.
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FIGURE 2. Cervical lymph node recurrence rates (black dots and stars) among 13 different PTMC cohorts and novel LNM rates (red dots) in AS groups. With < 10-year follow up, 5 PTMC cohorts had relatively higher lymph node recurrence than novel LNM rate in AS patients because all of these 5 cohorts had small group of PTMC with gross ETE and/or clinical apparent lymph node (detail seen Table 5). The lymph node recurrence rates of “low-risk” cohorts (black stars), which excluded patients with gross ETE and clinical apparent lymph node, were relatively less than novel LNM rates in AS groups.



In contrast to AS, the benefits of immediate surgery may include: ① A more accurate risk stratification can be made using information gathered from histological or genetic evaluation of a biopsy obtained from surgery, than can be obtained from imaging data alone. ② TSH suppression after surgery would decrease recurrence risk in contralateral lobe and neck lymph node. ③ Serum Tg is an accurate and reliable biomarker of tumor burden in Tg auto-antibody negative patients who received a total thyroidectomy. ④ For PTMC patients with lymph node recurrence, metastatic lymph nodes were stable for many years (89). At this time, it may be more feasible to use serum Tg levels during AS for monitoring recurrent lymph nodes.



ETHICAL ISSUES

In 2000, Emanuel et al. argued the most important ethical concerns in clinical trials was “the potential benefits to individuals must outweigh the risks (90).” However, with only US and FNA, we have little prognostic information, with the exception of age and tumor size, to evaluate the safety of AS. Consequently, Stack and Angelos recommended implementing only institutional review board-approved research protocols or surveillance contracts for educating patients, codifying the relationship between clinician and patient, and establishing medicolegal protections (91). But Morris et al. disagreed, instead believing these documents would jeopardize patient autonomy and influence their choice (92). Supporters of AS think higher risk among a small number of patients will and should be balanced by the advantage of avoiding surgery in a larger number of patients (93). However, is it ethical to risk the health of some patients, even a minority, for the greater good? Recently, Dr. Akira estimated the lifetime disease progression probabilities, stratified by patient age, of PTMC during AS, which were 60.3% (20 s), 37.1% (30 s), 27.3% (40 s), 14.9% (50 s), 9.9% (60 s), and 3.5% (70 s) (87). This study provided significant information for AS patients selection. In the future, we need more information from imaging and molecular signatures to provide more accurate risk stratifications of the clinical behavior and the risk for disease progression of PTMC patients during AS.



IMPROVEMENTS IN IMAGING


US

In terms of diagnostic accuracy, 3-dimensional (3D) US outperformed 2-dimensional (2D) US when compared to patients' final histopathological outcome (94). A single sweep of 3D US provided imaging for reconstruction and overcame the major limitations of 2D US. Kim et al. evaluated 91 thyroid nodules from 85 consecutive patients and compared sensitivity and specificity between 3D and 2D US. They found 3D US had significantly higher sensitivities than 2D in predicting ETE (94). In contrast, a separate study from South Korea reported 3D US with tomographic ultrasound imaging algorithms alone was not superior to real-time 2D US (95). This discrepancy is perhaps attributable to the differences that variable image reconstruction parameters have on US interpretation. Slapa et al. summarized the advantages of 3D US as follows: distinct separation between imaging acquisition and analysis, better remote consultation, less operator dependency, and increased diagnostic accuracy (96).

Recently, shear wave elastography (SWE) has emerged to diagnose and predict the pathologic prognostic factors of PTC using quantitative information about thyroid nodule elasticity. It is operator-independent and can display elastograms of estimated tissue stiffness. Yun et al. enrolled 208 PTC patients and found ETE was associated with the elasticity index determined by SWE, and quantification of the elasticity index could accurately predict pathologic ETE (97). Diagnostic accuracy of cervical lymph nodes was also significantly improved by SWE. Woo et al. reported the elasticity indices of SWE were significantly correlated with not only malignant lymph nodes, but also the number, size and ETE of involved lymph nodes. They concluded quantitative SWE could predict pathologic prognostic factors of cervical LNM (98). Azizi et al. evaluated 270 lymph nodes from 236 patients with both conventional US and SWE. Using single shear wave velocity cut off of 2.93 m/s, SWE could improve diagnostic sensitivity and specificity to 92.59 and 75.46%, respectively. Lymph node stiffness measured by SWE is reported to be an independent predictor of malignant lymph node (99). Xu from China also found predictive performance for CLNM in PTC was markedly improved with the combination of conventional US and SWE, which indicated SWE would be a useful tool for treatment planning (100).



CT and MRI

Liu et al. evaluated cervical metastatic lymph nodes using dual-energy spectral CT and found venous phase λHU (slope of the spectral Hounsfield unit curve) was the best parameter for diagnosis with sensitivity, specificity of 62.0 and 91.1%, respectively. Compared to conventional CT, quantitative assessment with gemstone spectral CT parameters improved accuracy for detecting cervical metastatic lymph nodes of PTC (101). Considering MRI, several studies have reported the apparent diffusion coefficient (ADC) derived from diffusion-weighted imaging (DWI) could be used as a predictor for thyroid cancer aggressiveness (102–104). Hao et al. evaluated the predictive performance of ADC for ETE of PTCs in a cohort of 23 PTMC patients. PTCs with ETE had significant lower median ADC, 5th percentile ADC, and 25th percentile ADC while PTMCs had significant lower ADC only in 5th percentile ADC (102). Another study used DWI histogram analysis of whole tumor ADC to investigate the relationships between ADC parameters with histopathological features like LNM, ETE, Ki-67, and p53. They found ADC mean, ADC max, ADC median, ADC modus, ADC p75, and ADC p90 were all related significantly with p53, which was prognostic marker for thyroid cancer. Moreover, they identified an inverse correlation between ADC max, ADC p90, and Ki-67, which was regarded as predictor for disease progression during AS (105). Importantly, ADC histogram skewness and kurtosis were also identified to be parameters for predicting LNM (104). Meyer et al. demonstrated MRI texture analysis, which was a novel imaging technique derived from extensive data provided by conventional sequences, was a very useful tool to predict histopathological features in thyroid cancer although they only enrolled 13 thyroid cancer patients (4 PTC; 4FTC; and 5 ATC) (103).




IMPROVEMENTS IN BIOMARKER


BRAF

Braf, as a member of RAF kinase family, served as a growth signal transduction protein kinase. BrafV600E composed nearly 90% of all somatic mutated Braf and played an important oncogenic role in thyroid tumorigenesis (106). The replacement of valine with glutamate at codon 600 resulted from the substitution of thymine with adenine at nucleotide 1799, then activated its serine/threonine kinase constitutively, leading to further activation of MAPK pathway (107). The downstream effectors of mutated Braf, such as Mek and Erk, will be phosphorylated and take part in thyroid tumorigenesis (106, 107). Moreover, BrafV600E could promote tumor formation and aggressiveness by regulating the expression of other genes epigenetically, either through hyper- or hypomethylation. The interaction between BrafV600E and epigenetic alterations, which downregulated tumor suppressor genes (like T1MP3, SLC5A8, DAPK1, RARβ2) and upregulated oncogenes (like HMGB2 and FDG1), increased tumor cell proliferation and invasion (108, 109).

In 2015, a meta-analysis was performed to investigate the correlation between BrafV600E and clinical features for PTMC (110). In Li et al, the authors analyzed 3437 PTMC patients across 19 studies after searching PubMed, EMBASE, and the Cochrane library. They found that BrafV600E mutation was associated with aggressive clinicopathological features like multifocality, ETE, LNM, and advanced stage of PTMC. Consequently, they suggested BrafV600E could be used as a risk factor for the stratification and management of PTMC (110). Lee et al. predicted gross ETE of PTMC with 100% sensitivity through the use of tumor size, US features, and BrafV600E mutation status. They categorized US features of the primary tumor into four groups: A: intraparechymal; B, tumor abutting the capsule < 50% of diameter; C: tumor abutting >50% of diameter; and D: tumor destroyed the capsule. In a subgroup of BrafV600Enegative patients, a tumor size of 0.7 cm and US categorizations B and C were cut-off values for gross ETE, with 100% sensitivity, whereas US categorizations A and B as cutoff value had 100% sensitivity for predicting gross ETE in the BrafV600E mutation positive patients (111). Besides clinical risk features, Chen et al. also found PTMCs with BrafV600E mutation were more likely to recur (OR 2.09 [95% CI:1.31–3.33]) by a meta-analysis of 2,247 PTMC patients from 4 published studies and 2 institutional cohort primary data (112). Niemeier et al. developed a molecular-pathological score (including superficial tumor location, intraglandular tumor spread/multifocality, tumor fibrosis, and Braf status) to stratify PTMC into different risk groups and successfully predict recurrence rate. In the diagnosis of aggressive PTMC, the combination of histologic features and Braf status increased diagnostic sensitivity from 77 to 96% and specificity from 68 to 80% (113). With mounting evidence, revisions to the ATA guidelines in 2015 began to consider Brafv600e status as a risk factor of structural disease recurrence in PTMC patients after initial therapy (25).

However, Miyauchi et al. in the Kuma hospital detected BRAFV600E status in 11 PTMC patients without disease progression, 10 PTMC with tumor size progression, and 5 with novel LNM. The percentage of BrafV600E was 64, 70, and 80% in each group, respectively (114). Consequently, the use of BRAFV600E alone is insufficient to accurately stratify risk in PTMC patients. If using BrafV600E alone as biomarker for selecting AS candidates, nearly 60% of PTMCs who may never have disease progression will be categorized wrongly. Considering high prevalence of Brafv600e mutation among PTMC, BrafV600E alone cannot be used as reliable biomarker for differentiating aggressive PTMC from indolent ones, and identifying potential disease progression cases from stable ones during AS. A possible reason may be that the oncogenic event driving PTMC aggressiveness requires additional mutations acting in conjunction with BRAFV600E and the MAPK signaling pathway (115). Thus, the identification of additional genetic variants, which are less abundant than BRAFV600E, could be important in predicting PTMC aggressiveness.



TERT

Telomerase reverse transcriptase (TERT) is the catalytic protein subunit of telomerase, which can maintain chromosomal integrity and genome stability (116). Malignant cancer cells, which were replicative immortal, required activation of telomerase and regulation of other growth controlling genes, pathways and molecular by TERT (117). First reported in 2013, TERT promoter mutation (C228T and C250T) in thyroid cancer has progressed rapidly in recent 5 years (118). Many studies have demonstrated TERT mutation was associated with more aggressive clinicopathological features of thyroid cancer, such as male gender, ETE, LNM, advanced stage, distant metastasis, recurrence, and mortality (119–122). Two meta-analyses in 2016 investigated clinicopathological significance of TERT promoter mutations in PTC and found the average prevalence of TERT promoter mutation was around 10%. Additionally, PTC patients with TERT promoter mutation displayed more aggressive histopathological features (121, 122). Kim et al. developed an effective risk stratification system using TERT promoter mutation status that reliably predicted structural recurrence and mortality in DTC patients (119).

Of note, the co-occurrence of Braf and TERT promoter mutations enhanced the predictive ability for prognosis of PTC. Moon et al. performed a meta-analysis including 13 studies with 4,347 PTC patients and found the co-occurrence of Braf and TERT promoter mutations was more significantly associated with aggressive clinicopathological features than either mutation alone (123). Accordingly, they believed these two mutations had a synergistic effect on prognosis and were useful in risk stratification of PTC. Liu et al. categorized 1,051 PTC patients according to mutation status of Braf and TERT promoter and demonstrated deaths per 1,000-person years in PTC patients with neither mutation, Braf V600E alone, TERT mutation alone, or both mutations were 0.80, 3.08, 6.62, and 29.86, respectively. Simple 4-genotype classification can predict disease-specific mortality accurately (124). Recently, this synergistic effect of BRAF and TERT promoter has been demonstrated as BrafV600E → MAPK pathway → FOS → GABP → TERT signaling/transcription axis in human cancers (125). Firstly, mutated BrafV600E activated MAPK pathway, which phosphorylated FOS to be an active transcription factor for activating the GABPB promotor. Then increased expression of GABPB and formation of GABPA-GABPB complex activated the mutant TERT promoter. In this axis, phosphorylated FOS played important oncogenic bridging role between BrafV600E and TERT promoter mutations (125).

However, de Biase et al. detected TERT promoter mutations with next-generation sequencing in 431 PTMC patients assembled from six different institutions. They found the prevalence of TERT promoter mutations among PTMC was only 4.7%, less than the 10% reported in PTC patients. Moreover, the presence of TERT promoter mutations was not associated with unfavorable clinicopathological features (126). Also in Miyauchi's study, no PTMC patients undergoing AS were positive for TERT promoter mutations, even in a subgroup of patients with increased tumor sizes and/or novel lymph node appearance (114). Therefore, with regard to its low prevalence in PTMC, TERT promoter mutations are unlikely to be reliable molecular markers of tumor aggressiveness/progression.



MicroRNA

MicroRNA is defined as a group of small endogenous, single stranded non-coding RNAs of 19–25 nucleotides that can exclusively regulate their proprietary mRNA expression (127). The miRNA-221-222 cluster, downstream of the MAPK pathway, played an important role in tumorigenesis and aggressiveness for PTC (128). Located on the X chromosome, miRNA-221-222 cluster was regulating PTC formation and invasion through negative regulation of p27 (129). Multiple studies have demonstrated that upregulated miR-221-222 cluster was associated with more unfavorable clinicopathological features, treatment resistance, increased recurrence rate, and worse prognosis (130–133). Because of that, the miRNA-221-222 cluster was considered as a potential biomarker for aggressive PTC. Additionally, miRNA-146b is another well-studied and overexpressed microRNA in PTC. Its expression level was positively associated with tumor aggressiveness and poor prognosis (131, 133). Study has shown miRNA-146b functioned in PTC through binding with the 3′UTR region of retinoic acid receptor beta (RARβ) (134). Moreover, advanced PTC patients could receive benefit from retinoic acid (a RARβ ligand) treatment. Retinoic acid treatment resulted in tumor shrinkage and increased radioiodine uptake in 38% and 26% of patients, respectively (135). These studies suggested that miRNA-146b might play important role in thyroid cancer initiation and progression. In addition to the two microRNAs discussed above, there are also other microRNAs which have been identified to be associated with tumor aggressiveness (especially ETE, LNM and distant metastasis) including miRNA135-b, 146-a, 146-5p and several others (Table 6) (129, 136–155).



Table 6. Tissue microRNA as predictor for aggressiveness in papillary thyroid carcinoma.
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The upregulation of miRNA-221-222 cluster and miRNA-146b in BRAFV600E positive tumors, was suggested to be attributable to activation via the NF-κB pathway (156, 157). In BrafV600E PTMC patients, it remains unknown what molecular events trigger disease progression during AS. Would it be possible to increase our ability to predict PTMC disease progression by screening FNA biopsies for clinically actionable somatic mutations and/or the expression of miRNAs?



Serum Circulating Biomarkers

Compared with inherent instability of mRNA, circulating miRNA is subjected to nuclease activity and resistant to environment. Because of that, miRNA, which can be readily detected in bloodstream, is believed as a potential ideal candidate serum biomarker for PTC (158). Yu et al. detected serum miRNA expression by Solexa sequencing and found increased miR-151-5p, detected in the serum, was associated with LNM of PTC (159). However, the evidence of using circulating miRNA to predict disease progression of PTMC during AS was absent. In addition, a prospective observational pilot study found circulating myeloid-derived suppressor cells, which were detected preoperatively by novel flow cytometry-based immunoassay, were positively associated with a higher TNM stage and disease recurrence (160). Lubitz et al. reported they only detected 63% circulating BrafV600E mutation by novel RNA-based blood assay compared with conventional tissue assays on surgical specimens. They concluded detecting circulating BrafV600E could be a surrogate for conventional FNA detection (161). In contrast, a separate study found only 37.3% of PTC patients with locally advanced and metastasis were detected to have circulating BrafV600E mutation. These patients didn't get any benefits from analysis of circulating tumor DNA (162). Accordingly, there are several challenges about the application of serum circulating biomarkers for PTMC which include: ① Molecular FNA diagnostics with biomarkers have high concordance with pathological results. In contrast, serum circulating biomarkers demonstrate only partial concordance with FNA determined pathology. Consequently, circulating biomarkers from blood are not superior to FNA biopsies in predicting aggressiveness. ② All studies about detecting serum circulating biomarkers enrolled cancer patients with advanced stage or distant metastasis. However, the serum circulating biomarkers identified in high-risk patients may not be detectable in low-risk PTMC patients. ③ Genetic background and alternations in circulating cells may be different with those in the primary tumor. Some cancer cells derived from the primary tumor may undergo changes that facilitate blood vessel invasion and then turn to circulating cells. ④ Other malignant tumors shared the same circulating miRNA or DNA with thyroid cancer. Differentiating where these circulating biomarkers came from is difficult.



Other Novel Targets

Besides genetic alternations, LncRNAs, which is defined as a class of RNAs containing over 200 nucleotides, play important roles in tumor progression (163). Kim et al. reported LOC100507661 expression was positively related with LNM and BrafV600E mutation in PTC patients (164). High expression of HOTAIR in thyroid cancer was associated with larger tumor size, more metastatic lymph nodes, and poorer outcome after a meta-analysis of TCGA and GEO databases (165). PTC patients with high expression of HIT000218960 had more multifocality, LNM and advanced TNM stage (166). Down-regulation of LINC00271 was identified as an independent risk factor for ETE, LNM, TNM stage and recurrence (167). Other LncRNAs, which related with aggressiveness of PTC, were also identified and summarized in Table 7 (164, 166–183).



Table 7. Long Non-coding RNA as predictor for aggressiveness in papillary thyroid carcinoma.
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Epigenetic changes, particularly methylation of DAPK, REC8, TIMP3, CDH1, FGFR2 were also reported to be associated with aggressive behavior of PTC (184). Whether we can predict the aggressiveness of PTMC using these biomarkers derived from PTC patients remains to be investigated.




CONCLUSION

The utility of AS for low-risk PTMC patients requires improvements our abilities to accurate and confidently stratify patient risk. Due to the substantially improved diagnostic performance in identifying gross ETE and macroscopic cervical LNM, the combined use of US and CT imaging modalities is strongly recommended for use in AS. Patients should be informed and educated fairly and objectively according to the data that is currently available. Dynamic monitoring, risk stratification, and personal follow-up schedules are tantamount in minimizing the potential risks incurred by recommending patients against immediate surgery. Furthermore, the advent of increasingly sophisticated imaging technologies, and the screening for novel prognostic biomarkers have shown great promise, although future validation studies are warranted.
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Autoimmune thyroid diseases (AITDs) are chronic organ-specific autoimmune diseases and mainly include Graves' disease (GD) and Hashimoto's thyroiditis (HT). CD14 is an important component of the immune system as a receptor for gram-negative lipopolysaccharide (LPS). The genetic polymorphisms of CD14 have been confirmed to be associated with a variety of autoimmune diseases. However, its relationship with AITDs is still unclear. The study was aimed to determine whether four single nucleotide polymorphisms (rs2915863, rs2569190, rs2569192, and rs2563298) of CD14 are associated with AITDs and its subgroups of GD and HT. The results showed significant association of rs2915863 and rs2569190 with GD. The frequencies of rs2915863 genotypes and T allele in patients with GD differed significantly from their controls (P = 0.007 and P = 0.021, respectively). For rs2569190, frequencies of genotypes and G allele in GD patients also showed positive P-values (P = 0.038 and P = 0.027, respectively). The correlations between these two loci and GD are more pronounced in female GD patients and patients with a family history. In genetic model analysis, the allele model, recessive model, and homozygous model of rs2569190 and rs2915863 embodied strong correlations with GD after the adjusting of age and gender (P = 0.014, P = 0.015, P = 0.009, and P = 0.014, P = 0.001, P = 0.006, respectively). However, these four sites are not related to HT. We firstly discovered the relationship between CD14 gene polymorphism and GD, and the results indicate that CD14 is an important risk locus for AITD and its SNPs may contribute to host's genetic predisposition to GD.
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INTRODUCTION

Autoimmune thyroid diseases (AITDs) are chronic thyroid-specific autoimmune diseases and mainly include Graves' disease (GD) and Hashimoto's thyroiditis (HT) (1). The prevalence of AITDs is estimated to be 5% in general population and 5–10 times in women than in men (2, 3). The specific pathogeny of AITDs is still unclear and may be related to genetic susceptibility, immunopathogenic mechanisms, and environmental factors (4, 5).

The cluster differentiation antigen 14 (CD14) gene is localized on chromosome 5q31.1 region and encodes a glycosylphosphatidylinositol-anchored membrane glycoprotein (6). As a pattern recognition factor, CD14 protein is constitutively expressed in majority of innate immune response cells, and plays a central role in innate immunity through recognition of bacterial lipopolysaccharide (LPS) (6, 7). CD14 protein exists mainly in membrane form (mCD14) or soluble form (sCD14) (8). Membrane CD14 is expressed primarily on the surface of monocytes, macrophages, and neutrophils, while sCD14 is predominantly in serum (8). Detection of sCD14 in serum can partially reflect the expression of CD14 gene in vivo. As an important component of innate immunity, alterations in CD14 expression appear to correlate with aberrant immune responses and autoimmune diseases. The role of CD14 polymorphisms in autoimmune disorders has been widely explored, including inflammatory bowel disease (IBD) (9–11), multiple sclerosis (MS) (12), rheumatoid arthritis (RA) (13–15), juvenile idiopathic arthritis (16), systemic lupus erythematosus (15), and type 1 diabetes mellitus (T1DM) (17). Different autoimmune diseases often share some common immunological mechanisms. Therefore, it is reasonable to speculate that CD14 polymorphisms may contribute to AITDs. This study was conducted to explore the association of four CD14 polymorphisms (rs2915863, rs2569190, rs2569192, and rs2563298) with the AITDs in the population of south China, and to explore its mechanisms though bioinformatics analysis.



MATERIALS AND METHODS


Patients and Healthy Individuals

In our study, we conduct an anonymized cohort involving 847 Chinese Han AITDs patients and 715 healthy Chinese Han controls. The AITDs patients included 522 GD patients (363 males and 159 females) and 325 HT patients (49 males and 276 females). The male to female ratio of our sample is in consistent with that in general population. In order to exclude sampling bias, all of them were randomly recruited individuals living in the same geographic region (Shanghai, China), without any genetic relationship. All AITDs patients were recruited from the Out-patient Department of Endocrinology of Jinshan Hospital. Healthy controls were consecutively enrolled from the Healthy Check-Up Center of the same hospital with ethnically and geographically matching. The control group participating in the study did not have any history of immune diseases or other chronic diseases. The study was approved by the ethical committees of Jinshan Hospital. All enroll individuals in the AITDs group and the control group provided verbal and written informed consent.

The diagnosis criteria of GD used in this study included clinical manifestations of thyrotoxicosis, biochemical indicators of hyperthyroidism, positive circulating thyroid-stimulating hormone receptor antibody (TRAb) and diffuse goiter of the thyroid observed by B-ultrasound or palpation. HT cases were defined on the basis of enlarged thyroid and elevated level of either thyroid peroxidase antibody (TPOAb) or thyroglobulin antibody (TgAb).



DNA Sample Collection and Extraction

Genomic DNA was extracted from 2 ml peripheral venous blood of each participants using the Relax Gene Blood DNA System (Tiangen Biotech Co., Ltd., Beijing, China). The concentration and purity of DNA was measured using Nano Drop 2,000 Spectra-photometer (Thermo Scientific Company, Waltham, MA, USA).



SNP Selection and Genotyping

Four SNPs of CD14 were investigated in the present study, including rs2915863, rs2569190, rs2569192, and rs2563298. In the light of previously published literature, significant associations of these loci with multiple autoimmune diseases have been identified. Therefore, there have a theoretical basis for us to speculate that they may also have correlations with the susceptibility of AITDs. The Hardy-Weinberg equilibrium P-values (HWpval) of these four SNPs met the criteria of HWpval > 0.05. The target DNA sequences were amplified by multiplex polymerase chain reaction (PCR) method using specific primers with sequences shown in Table 1.



Table 1. specific primer sequences of SNPs.
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Genotyping-Clinical Phenotype Analysis

Different clinical manifestations may have different genetic backgrounds. In order to more accurately investigate the relationship between SNPs and different clinical phenotypes of AITDs, the clinical classifications of GD and HT in the current study were set as (i) presence or absence of thyrotoxic exophthalmos in the GD group; (ii) the thyroid goiter degree or normal volume; and (iii) presence or absence of AITD family history (disease in the first-degree relatives). The characteristics of all experimental subjects are summarized in Table 2.



Table 2. Demographic statistics and clinical phenotypes of subjects in case group.
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Graves' ophthalmopathy (GO), also called thyroid-associated opthalmopathy, is a common extra-thyroid manifestation of GD, mainly manifested as inflammation and swelling of the extraocular muscles, chemosis, eyelid edema, proptosis, excess tearing, and episcleral vascular injection (1, 18). Graves' ophthalmopathy (GO) was diagnosed by the clinical assessment criteria for GO from Williams Textbook of Endocrinology (19).



Statistical Analysis

All odds ratios (OR), 95% confidence interval (95%CI), and P-values were calculated using the Stata version 12.1 software (Stata, Inc.), based on the two-tailed Pearson chi-square test (X2 test) for genotype/allele frequency of each SNP. P < 0.05 was considered statistically significant. For each SNP, deviation from Hardy-Weinberg equilibrium (HWE) was estimated using the HWE program (http://ihg.gsf.de/cgi-bin/hw/hwa1.pl) in controls and cases separately. Linkage analysis and haplotype analysis were also performed in this study. A linkage disequilibrium (LD) test was conducted using Haploview Software (version 4.2, Broad Institute, Cambridge, MA, USA). To consolidate the evidence, significant findings were further examined by multiple logistic regression (Stata 12.1, Inc.) and adjusted for potential interfering factors (gender and age) simultaneously.



Bioinformatics Analysis

Associations of CD14 Expression Level With Key Immune Cells in GD Tissues

The correlations of CD14 expression level with key immune cells in 18 GD thyroid tissues were studied through using GSE9340 from Gene Expression Omnibus (GEO) database (20). Macrophages, plasma B cells, T follicular helper cells (Tfh) and regulatory T cells (Tregs) in GD tissues were estimated from the gene expression profiles in GSE9340 by CIBERSORT tool (21). Th1 and Th2 in D tissues were estimated from the gene expression profiles in GSE9340 by Cell tool (22). To further assess the roles of CD14 in GD, the correlations of its expression and intrathyroidal immune cells were analyzed using Spearson correlation analysis.

Functional Pathways Related to CD14 in GD Tissues

Gene set enrichment analysis (GSEA) was done to identify crucial functional pathways related to CD14 through using gene expression profiling of 18 GD tissues from GSE9340 (23). GSEA analysis was performed with GSEA v3.0, and GO biological process (4,436 genes sets) were used as predefined genes sets. Gene sets with both an Enrichment score (ES) more than 0.70 and false discovery rate (FDR) q < 0.05 were considered significantly enriched pathways.




RESULTS


Association of CD14 rs2915863 and rs2569190 With GD

In the current study, we examined the frequency distribution for each allele and analyzed the association for each SNP in a case-control manner. Associations of SNPs in CD14 gene with AITDs, GD and HT are shown in Table 3. Although there are no significant association between these four SNPs (rs2915863, rs2569190, rs2569192, and rs2563298) and AITDs, rs2915863 and rs2569190 are significantly correlated with GD. Both genotyping and allele analyses of rs2915863 showed significant P-values (Pgenetyping = 0.007 and Pallele = 0.021, respectively). Moreover, rs2569190 also obtained similar results, and the P-values of the genotyping and allele analyses were 0.038 and 0.027.



Table 3. Associations of rs2915863, rs2569190, rs2569192, and rs2563298 in CD14 gene with AITDs, GD, and HT.
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Since rs2915863 and rs2569190 are significantly associated with GD and different clinical subpopulations may have different genetic backgrounds, we further analyzed the gender and family history subgroups of GD patients. As shown in Table 4, for rs2915863, female GD patients show a stronger positive P-value (Pgenetyping = 0.005, Pallele = 0.000) than GD patients in general population (Pgenetyping = 0.007, Pallele = 0.021). Similarly, rs2569190 also has stronger association with female GD patients (P = 0.026) as well as GD patients with a positive family history (P = 0.011) than in general GD patients (P = 0.038). Moreover, this difference is more pronounced in the allele analysis. The P-values for female GD patients and GD patients with family history are 0.015 and 0.004, respectively, much more significant than that for GD patients in general population (P = 0.027).



Table 4. Associations of rs2915863 and rs2569190 in CD14 gene with female GD patients and GD patients with family history.

[image: image]




To further understand the roles of rs2915863 and rs2569190 in GD, we analyzed the relationship between SNPs and GD in different genetic models, as shown in which Tables 5, 6, correspondingly. In Table 5, we can see that in the model analysis of CD14 and AITDs, only the recessive model of rs2915863 has obvious positive results, and the P-values before and after correction are 0.019 and 0.012, respectively. It is clear from Table 6 that rs2915863 has strong association with GD in the allele model, recessive model and homozygous model before (P = 0.013, P = 0.001, and P = 0.006, respectively) and even after (P = 0.014, P = 0.001, and P = 0.006, respectively) adjustment for possible cofounders (age and gender) and rs2569190 also display strong correlations with GD in the allele model, recessive model and homozygous model before (P = 0.012, P = 0.015, and P = 0.008, respectively) and after (P = 0.014, P = 0.015, and P = 0.009, respectively) adjustment for the possible cofounders (age and gender). Furthermore, both rs2915863 and rs2569190 are not related to HT (P > 0.05), and both rs2569192 and rs2563298 of CD14 are not related to AITDs, GD, and HT.



Table 5. Odds ratios (ORs) of the associations of polymorphisms in CD14 gene with AITD before and after adjustment for confounders (age and gender).
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Table 6. Odds ratios (ORs) of the associations of four polymorphisms in the CD14 gene with GD before and after adjusting for confounders (age and gender).
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Correlations of CD14 With Intrathyroidal Immune Cells

CD14 expression level was positively correlated the proportion of M1 cell (r = 0.66, P = 0.003) and M1/M2 ratio (r = 0.56, P = 0.014) in GD tissues (Figure 1). Additionally, CD14 expression level was also positively correlated with the proportion of Tfh cell (r = 0.49, P = 0.04) and Th2 (r = 0.82, P < 0.0001) in GD tissues (Figure 1). CD14 was not correlated with the proportion of Th1 cell (r = 0.05, P = 0.84) in GD tissues (Figure 1).


[image: image]

FIGURE 1. Correlations of CD14 with key intrathyroidal immune cells in GD tissues.





Functional Pathways Related to CD14 in GD Pathogenesis

GSEA analysis suggested that there were a total of 93 significantly enriched pathways related to CD14 in GD tissues (Supplementary Table 1). Most of those enriched pathways were immunity-related pathways, suggesting the critical role of CD14 in the development of GD through regulating immune response. Table 7 showed the top 10 significantly enriched pathways in the GSEA analysis, such as Interferon-gamma-mediated signaling pathway, Regulation of toll-like receptor signaling pathway, and Positive regulation of interleukin-6 production (Figures 2–4, Table 7).



Table 7. Top 10 significantly enriched pathways in the GSEA analysis.
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FIGURE 2. Enrichment plot for the gene set of “Interferon-gamma-mediated signaling pathway”.
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FIGURE 3. Enrichment plot for the gene set of “Regulation of toll-like receptor signaling pathway”.
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FIGURE 4. Enrichment plot for the gene set of “Positive regulation of interleukin-6 production”.






DISCUSSION

CD14 is a receptor that recognizes LPS and other bacterial wall components (8). In CD14 gene, rs2915863 or CD14/−1720 is located in 5' near gene region, while rs2569190, also known as CD14/−260 or C(−159)T, is located in the promoter region (24). Both rs2915863 and rs2569190 can affect the expression level of CD14 in vivo, supported by the fact that they are associated with altered levels of sCD14 (25–29). sCD14 is an acute phase protein mainly produced by liver, and can reflect inflammatory disease activity (30). In the present study, we found that two variants rs2915863 and rs2569190 in CD14 gene show significant associations with GD, especially for females GD patient and GD patients with family history. The frequencies of rs2915863 minor allele T and rs2569190 minor allele G are greatly increased in patients with GD. Genetic model analysis shows that rs2915863 and rs2569190 have strong correlations with GD in allele model, recessive model and homozygous model, suggesting that polymorphisms rs2915863 and rs2569190 of CD14 gene may be contributors to the causes of GD.

AITDs are classic autoimmune diseases, with multiple factors involved. AITDs have been confirmed to be associated with SNPs of various immune genes, including CD40, CTLA4, and IL-21 and so on (31–33). Since autoimmune diseases have a certain degree of similarity in immune imbalance and genetic background, a SNP is often found to be associated with multiple autoimmune diseases. Previous studies have found that rs2915863 is associated with symptomatic airway hyper-responsiveness, which may be related to endotoxin exposure and elevated IgE (34–36), and rs2569190 may contribute to allergic rhinitis (37), allergic asthma (24), and IBD (11). In this study, we, for the first time, found that rs2915863 and rs2569190 are significantly related to GD, especially in female patients. Our findings that the role of rs2915863 and rs2569190 in promoting GD are more pronounced in female patients is consistent with the universal acceptance that there is a gender difference in the incidence of GD. The mechanism of preponderance of females in GD has not yet been fully elucidated, and may be related to sex hormones, genetic susceptibility and mental factors (3, 38). Although GD is not a genetic disease in the traditional sense, it has a certain degree of genetic predisposition (2). The family aggregation of GD supports the importance of genetic factors in its pathogenesis. Moreover, our study found that the relationship between CD14 polymorphisms and GD is more pronounced in patients with family history. Compared with the general GD group, the susceptible allele T in rs2915863 and the susceptible allele G in rs2569190 have stronger positive P-values in patients with family history. Thus, mutations in the rs2915863 and rs2569190 loci of CD14 gene may have family aggregation and may play a greater role in GD patients with family history.

There is sufficient evidence to support that mutations at these two sites can cause changes in CD14 expression levels and methylation levels, suggesting that they can affect CD14 function (39–41). As an important component of the innate immune system, CD14 has been demonstrated to be involved in infectious and immune-related diseases (42, 43). Membrane CD14 is mainly expressed on the surface of monocyte macrophages, and is one of the specific molecular markers of monocytes/macrophages (44, 45). Macrophages are important antigen-presenting cells (APCs) that mediate homeostasis of the immune system and can currently be divided into two subgroups, M1 and M2 cells (44, 46). CD14, LPS, and LPS binding proteins bind to form a ligand complex that is recognized by the Toll-like receptor-4 (TLR-4)/MD-2 receptor, mediates antigen presentation, stimulates T cell activation and promotes B cell production of antibodies (43, 47). AITDs are chronic organ-specific autoimmune diseases characterized by the production of autoimmune antibodies that attack thyroid cells (1). A variety of immune cells mediate the pathogenesis of AITDs, and macrophages in which membrane CD14 is located are one of the hotspots of recent research. We found through bioinformatics analysis that CD14 expression level was positively correlated the proportion of macrophages M1 cell and M1/M2 ratio in GD tissues (Figure 1), suggesting that CD14 is an important molecule mediating macrophage homeostasis in thyroid tissue of patients with GD. Excessive activation of macrophages, especially its M1 subtype, is closely related to the occurrence of autoimmune diseases, including systemic lupus erythematosus, inflammatory bowel disease, rheumatoid arthritis, and multiple sclerosis (46, 48–53). In GD, infiltrating macrophages were observed in thyroid tissue of AITD patients and in the periorbital tissues of patients with GO (54–56). Infiltrating macrophages can directly destroy thyroid follicular cells (57) or kill thyroid cells through the autologous apoptosis pathway (58).

Activation of T cells is also one of the diverse immune functions of CD14. CD14 can promote the early polarization toward Th1 and downregulating Th2 immune responses by stimulating the secretion of tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) (43). We found that CD14 expression level was positively correlated with the proportion of Tfh cell and Th2 in GD tissues but not correlated with the proportion of Th1 cell in GD tissues (Figure 1). The involvement of Th1 cell and Th2 cell in the pathogenesis of GD and HT is currently recognized, but its specific mechanism remains to be seen (1) and our findings can bring more information in this area. We have further discovered that there were a total of 93 significantly enriched pathways related to CD14 in GD tissues (Supplementary Table 1). Most of those enriched pathways were immunity-related pathways, suggesting the critical role of CD14 in the development of GD through regulating immune response. Interferon-gamma-mediated signaling pathway, Regulation of toll-like receptor signaling pathway and Positive regulation of interleukin-6 production ranks in the top three, with the greatest relationship with GD. We first discovered that CD14 may mediate the pathogenesis of GD through these pathways.

In conclusion, we, for the first time, demonstrated the significant association between genetic variations in CD14 and GD, and this relationship is more pronounced in female GD patients and GD patients with family history. To further demonstrate the role of CD14 in GD, we conducted a bioinformatics analysis and found that CD14 expression level was positively correlated the proportion of macrophages M1 cell and M1/M2 ratio in GD thyroid tissues. Additionally, CD14 expression level was also positively correlated with the proportion of Tfh cell and Th2 but not correlated with the proportion of Th1 cell in GD tissues. We also found that there were many pathways related to CD14 in GD tissues and most of them were immunity-related. However, the more in-depth mechanism of CD14 in the pathogenesis of GD requires more experimental research. Moreover, to further verify the role of CD14 gene variations in GD, it is necessary to conduct studies with larger sample sizes and more ethnicity.
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Sonographic Pattern of Subacute Thyroiditis Is HLA-Dependent
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Background: Since 1977 the susceptibility to SAT has been known to be HLA-B*35-related in ~70% of patients. Recently it has been demonstrated that SAT is associated with the presence of HLA-B*18:01 and DRB1*01, as well as with HLA-C*04:01. The association between the type of genetic SAT background and sonographic pattern of the disease has never been analyzed. The aim of the study was to evaluate the potential correlation between the presence of individual HLA haplotypes and the sonographic SAT pattern, and to provide the US characteristics of the analyzed SAT cases.

Methods: HLA-A, -B, -C, -DQB1, and -DRB1 were genotyped using a next-generation sequencing method in 46 SAT patients. All patients were divided into the following groups according to the HLA haplotype: 1. HLA-B*35 and/or HLA-C*04, but without any other of the analyzed antigens; 2. HLA-DRB1*01, regardless of the co-presence of HLA-B*35 or C*04:01, but without HLA-B*18:01; 3. HLA-B*18:01 only, without any other of the analyzed antigens; 4. HLA-B*18:01 plus B*35, regardless of the presence of any other analyzed antigens. The US patterns of SAT thyroid lesions were compared among the groups.

Results: The US image of SAT lesions in Groups 1 and 2 were similar. The typical SAT features for these groups were as follows: hypoechoic, strongly heterogeneous, bilateral, multiple areas, with decreased vascularization, usually oval with blurred margins, infrequently affecting the whole lobe, or having nodule-like pattern. Several features of Group 3 were different from the other groups. In 60% of cases lesions were rather homogeneous, and in 100%–hypoechoic, in 80% of patients there was only one unilateral single SAT area filling the whole affected lobe. On the contrary to the other groups, in Group 4 no lesion was oval in shape.

Conclusions: Our results provide for the first time the evidence that the US pattern of SAT lesions depends on HLA, and the determining factor is the presence of HLA-B*18:01. The deviations from the typical SAT US image are mostly pronounced in patients with the presence of only HLA-B*18:01, without any other analyzed haplotype. Further research is necessary to explain this phenomenon.

Keywords: HLA-B*35, HLA-B*18:01, HLA-DRB1*01, HLA-C*04:01, subacute thyroiditis, ultrasound


INTRODUCTION

Subacute thyroiditis (SAT) (also called de Quervain thyroiditis) is a thyroid inflammatory disease, associated with the presence of certain types of human leukocyte antigens (HLA). Previous viral infection (occurring ~2–6 weeks earlier) is considered a triggering factor in genetically predisposed individuals. The prevalence of SAT is the highest in middle-aged women, and male to female ratio varies from 1:4 (1) to 1:7 (2). The most common presentation is the anterior neck pain radiating ipsilaterally up to the jaw and ear, and down to the upper part of the chest (3, 4). Fever is usually present, frequently reaching over 39°C, and rising especially at night. Patients often complain of asthenia, and some symptoms of thyrotoxicosis are often present. Typical laboratory findings include high erythrocyte sedimentation rate (ESR). The level of C reactive protein (CRP) is also elevated and laboratory markers of hyperthyroidism are often present but the blood concentration of thyroid antibodies is normal in most patients (3, 4).

Sonographic findings in SAT can be very diverse. In most cases, the ultrasound (US) features include hypoechoic and heterogeneous areas, poorly vascularized on color Doppler, usually with blurred margins and without microcalcifications (5, 6). High tissue stiffness in sonoelastography is characteristic for the disease (7). Blurred, heterogeneous areas of different shape and size can be described as “lava-flow” sonographic pattern (5). The SAT lesions can be bilateral or unilateral, sometimes switching the affected side in the course of the disease. However, the US pattern of SAT is sometimes non-characteristic, and SAT-associated thyroid lesions may mimic thyroid nodules, sometimes with suspicious US features (6).

Since 1977 the susceptibility to SAT has been known to be HLA-B*35-related in ~70% of patients (8–10). Recently, our research group demonstrated that SAT is associated with the presence of HLA-B*18:01 and DRB1*01, as well as with HLA-C*04:01, with the latter being in linkage disequilibrium with HLA-B*35 (Stasiak et al., under review). Haplotypes HLA-B*18:01 and DRB1*01 are HLA-B*35-independent SAT risk factors (Stasiak et al., under review). These four (4) antigens allow confirmation of the genetic basis in almost all patients with SAT. However, the association between the type of genetic SAT background and sonographic pattern of the disease has never been analyzed.

The aim of the study was to evaluate the potential correlation between the presence of SAT-associated HLA haplotypes, i.e., HLA-B*18:01, DRB1*01, B*35, and C*04:01, and the sonographic SAT pattern, and to provide the US characteristics of the analyzed SAT cases.



MATERIALS AND METHODS

High resolution HLA typing was performed in 46 patients who were diagnosed with SAT between 2003 and 2018 in the Department of Endocrinology and Metabolic Diseases, Polish Mother's Memorial Hospital—Research Institute, Lodz, Poland. HLA-A, -B, -C, -DQB1, and -DRB1 were genotyped using a next-generation sequencing method on Illumina platform (Illumina, USA). Sequencing-based HLA typing of the HLA genes A, B, C, DQB1, and DRB1 was carried out in 96-well format within a semi-automated workflow by using MiaFora Flex5 typing kits (Immucor, USA). Long-range PCR amplification of five HLA loci was performed on DNA extracted from blood samples.

The diagnosis of SAT was based on the diagnostic criteria recently proposed by our research group (2). These criteria were as follows: elevation of ESR (or at least CRP) plus hypoechoic area/areas with blurred margin and decreased vascularization in US, plus cytological confirmation of SAT (or at least cytological exclusion of malignancy), plus at least one of the following: hard thyroid swelling and/or pain and tenderness of the thyroid gland/lobe, and/or elevation of serum free thyroxine (FT4) and suppression of thyrotropin (TSH), and/or decreased radioiodine uptake (RAIU). Serum levels of TSH and FT4 were measured by electrochemiluminescence immunoassay (ECLIA), Cobas e601 analyzer (Roche Diagnostics, USA), ESR was determined with Ves-Matic Cube 30 (Diesse, Italy), CRP was determined by VITROS® 4600 Chemistry System (Ortho Clinical Diagnostics, USA).

Ultrasound examination (US) was performed in every patient, in a supine position, using a Toshiba Aplio XG scanner (Toshiba, Japan), with high frequency 7–14 MHz linear transducer with field of view width of 38 mm (PLT 1204 BT). The US examinations were performed with standard settings optimized for thyroid imaging. The protocol included the B-mode presentation with application of image improvement techniques such as spatial compound imaging and differential tissue harmonics. In Power Doppler US, a pulse repetition frequency (PRF) 14.1 KHz and color gain 60 were routinely used for evaluating thyroid lesions vascularity. The Power Doppler gain was controlled so that perithyroidal tissues did not display any random color artifacts. The mean size of SAT lesions was calculated on the basis of the largest of the three dimensions of the analyzed lesions. The analyzed US features were defined as follows: 1. echogenicity: moderately hypoechoic were lesions darker than the normal surrounding thyroid parenchyma, but less dark than the surrounding muscles; markedly hypoechoic were lesions at least as dark as the surrounding strap muscles; 2. strongly heterogeneous were lesions with mixed isoechoic, hypoechoic and strongly hypoechoic echogenicity; 3. microcalcifications were calcifications smaller than 1 mm; 4. shape: lesion was considered as oval if its anteroposterior diameter was shorter than the transverse diameter on both transverse and longitudinal planes; lesion was considered as round if its anteroposterior and transverse diameters were equal on both transverse and longitudinal planes; lesion was considered as patchy if its shape was entirely irregular and could not be classified as oval or round; 5. margins: margins were considered as blurred if there was no clear separation from the surrounding thyroid parenchyma; margins were considered as lobulated if at least one oval or round protrusion of the margin was present; margins were considered as smooth if they were clearly separated from the surrounding thyroid parenchyma; 6. the lesions were considered as nodule-like if they resembled thyroid nodules but disappeared with SAT resolution and were previously cytologically confirmed as SAT; 7. the areas were considered as blurred if their shape and margins were difficult to determine; the areas were considered as separated if their shape and margins could be clearly determined, even if the shape was irregular. Vascularity was determined with Power Doppler. The following definitions for vascularity were used: 1. decreased—blood flow within the lesion present but decreased as compared to the normal thyroid parenchyma; 2. normal or increased—blood flow within the lesion present with the same or increased intensity as compared to the normal thyroid parenchyma; 3. absent—no flow detected within the lesion.

Fine needle aspiration biopsy (FNAB) was performed in all SAT patients using a 23-gauge needle. For cytology, hematoxylin-eosin staining was used for evaluation. The smear was considered as diagnostic if at least five groups of well-preserved follicular cells, containing at least 10 cells each, were visible. Smears were cytologically evaluated, and the presence of multinucleated giant cells together with mononucleated macrophages, and follicular epithelial cells against acute and chronic inflammatory dirty background was considered as a result typical for SAT. Cytological confirmation of microcalcification was possible if characteristic violet calcium salt deposit was visible in hematoxylin-eosin stained FNAB material.

All patients were divided into the following groups according to the HLA haplotype: 1. HLA-B*35 and/or HLA-C*04, but without any other of the analyzed antigens; 2. HLA-DRB1*01, regardless of the co-presence of HLA-B*35 or C*04:01, but without HLA-B*18:01; 3. HLA-B*18:01 only, without any other of the analyzed antigens; 4. HLA-B*18:01 plus B*35, regardless of the presence of any other analyzed antigens.

For each HLA group the difference in US pattern of SAT thyroid lesions between this group and all the remaining cases was analyzed. Additionally, a pair-wise comparison was also done for every possible pair of groups. Statistical analysis of several US SAT features was performed for each group individually. The respective variables were mostly categorical, usually concerning the presence/absence of a particular feature. SAT lesion size was the only numerical parameter, for which descriptive statistics, including mean, standard deviation, minimum and maximum values, were computed in each group. Student's t-test was applied to determine the statistical significance of the differences between groups, while for the categorical variables chi-square test was used for this purpose. In all the tests the value of p < 0.05 was considered significant.

Written informed consents for all the performed procedures were obtained from all the patients.

The study was approved by Local Medical Ethics Committee.



RESULTS


General Sonographic Characteristics

Hypoechogenicity of SAT lesions was characteristic for all the cases, and in 5 patients (11%) SAT lesions were deeply hypoechoic. Among 46 patients, in 36 (78.3%) the SAT lesions were strongly heterogeneous, and in 10 (21.7%) they were rather homogeneous in their hypoechogenicity. Microcalcifications (confirmed cytologically) were present in one case only (2.2%). The mean size of SAT lesions was 38.2 mm (ranging from 9 to 70 mm). In 27 patients (58.7%) the SAT lesion/lesions completely filled one or both of the thyroid lobes. In patients in whom the SAT lesion did not fill the whole affected lobe, the shapes of the lesions were as follows: oval—in 69.2%, patchy—in 23.1% and round—in 7.7%, while the margins were blurred in 80.8%, lobulated—in 11.5% and smooth—in 7.7%. SAT lesions were bilateral in 76% and unilateral in 24%. The SAT lesions resembled thyroid nodules in 8.7%. Among SAT-typical areas, in 19.6% of the cases there was one isolated area corresponding to tender palpable nodule. In all the remaining cases the areas were multiple. The vascularization of SAT lesions were decreased in 82.6% of the cases, normal or increased in 8.7% and absent in 8.7%.



HLA-Dependent Sonographic Characteristics

All the evaluated SAT features in the analyzed groups have been presented in Table 1, along with the comparison of every single group with all the other subjects. Comparisons between individual groups have been presented in Table 2.



Table 1. Sonographic characteristics of the SAT lesions in each group and comparison with all the other subjects.
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Table 2. Comparison of sonographic features of the SAT lesions in pairs of the analyzed groups.
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The US images of SAT lesions in Groups 1 and 2 were similar (Table 1), with no statistically significant differences between these two Groups (Table 2). The typical SAT features for these Groups were as follows: hypoechoic (88% in Group 1 vs. 80% in Group 2), strongly heterogeneous (84 vs. 80%), bilateral (84 vs. 70%), multiple (84 vs. 90%) areas, with decreased vascularization (84 vs. 90%), usually oval (73.3 vs. 66.7%) with blurred margins (80 vs. 100%), infrequently affecting the whole lobe (48 vs. 70%), rarely with nodule-like pattern (8 vs. 10%) (Figure 1).
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FIGURE 1. Typical sonographic patterns of SAT in patients with HLA-B*35, C*04:01, and DRB1*01, without HLA-B*18:01. (A) Hypoechoic, strongly heterogeneous, areas with poorly defined margins; (B) hypoechoic blurred areas with decreased or absent vascularization.



Several features of Group 3 were different from the other groups (Tables 1, 2). In only 40% of the cases, lesions were strongly heterogeneous (p = 0.028 as compared to the other groups), while in 60% they were rather homogenous, and in 100% hypoechoic. Only 20% of these patients had bilateral lesions (p = 0.002 as compared to other groups), but in 80% of them there was only one single SAT area (p < 0.0005 as compared to other groups), filling the whole affected lobe (p = 0.003, as compared to other groups) (Figure 2). In Group 3, the vascularization was absent in as much as 40% of patients, although the difference was statistically significant only in comparison with Group 1 (p = 0.014). Other US findings were similar as in the other groups (Tables 1, 2). In contrast to all other groups, in Group 4 no lesion was oval in shape (p = 0.027 as compared to other groups). Other differences were not statistically significant (Tables 1, 2).
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FIGURE 2. Different sonographic pattern observed in patient with HLA-B*18:01 only. (A) Homogeneously hypoechoic single area filling the whole right lobe; (B) moderately hypoechoic single SAT area filling the whole thyroid lobe, mimicking a nodule affecting the whole lobe.



In comparison of both HLA-B*18:01-positive Groups (3 and 4), significant differences were observed in lateralization, as 80% of the patients in Group 3 had unilateral lesions, while 100% of the patients in Group 4 had bilateral lesions (p = 0.006) (Table 2). Moreover, single (80%), separated (60%) areas were typical for Group 3, while these features were absent in Group 4 (p = 0.006 and p = 0.026, respectively) (Table 2).

There were no statistically significant differences in the SAT lesion size between the groups (Table 3).



Table 3. Size of the SAT lesions in the analyzed group of patients.
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DISCUSSION

Ultrasound evaluation plays an important role in the diagnostic process and in monitoring of SAT. Clinical SAT symptoms may be non-characteristic and US examination helps to make the proper diagnosis. The typical sonographic findings of SAT are bilateral or unilateral, focal or multifocal, poorly defined hypoechoic areas (5, 6, 11, 12) in the enlarged thyroid gland. In some cases, nodular lesions can be observed, sometimes mimicking thyroid malignancy (13, 14). SAT lesions were typically hypoechoic in all our cases, and in 5 patients (11%) they were even deeply (markedly) hypoechoic. Lee and Kim (11) observed markedly hypoechoic lesions only in patients with the nodule-like US pattern of SAT. On the contrary, in our group, all markedly hypoechoic lesions were blurred areas, while all nodule-like lesions were moderately hypoechoic. These discrepancies are most probably the result of different criteria of lesion qualification as nodule-like one, since Lee and Kim described nodular US pattern of SAT as more frequent than non-nodular (11). In our study, SAT lesions resembled thyroid nodules only in 8.7%, and all the remaining lesions were non-nodular areas. Similarly to other authors' observations (5, 6, 12), most of the SAT lesions (78.3%) were strongly heterogeneous and microcalcifications were an extremely rare finding.

The mean size of the SAT lesions was 38.2 mm (ranging from 9 to 70 mm). Similar size range was observed by Vural et al. (6) who described lesions sized 7–75 mm in a group of 20 SAT patients, reporting also that the largest lesions filled the whole thyroid lobe, sometimes even together with isthmus. In our cohort, 58.7% of the patients had lesions that completely filled one or both thyroid lobes. In patients, in whom the SAT lesion did not fill the whole affected lobe, the lesions had various shapes. In our study, oval lesions were the most common type, occurring in 69.2%, while patchy, and round lesions constituted 23.1 and 7.7%, respectively. Lee and Kim (11) reported all non-nodular lesions as patchy in shape, and round areas were not observed.

Bilateral occurrence of SAT lesions is common, usually exceeding 70% of patients (5, 11, 12) and in our study the prevalence of bilateral SAT lesions was 76%. Interestingly, Park et al. (15) demonstrated the presence of bilateral SAT lesions only in 14.8% of patients. This discrepancy in the scale of thyroid involvement, as compared to our observations, may result from the lower SAT severity in the study group analyzed by Park et al. (15), as compared to ours. This conclusion seems to be supported by the fact that the ESR in the group of Park et al. (15) was only slightly elevated, with a mean value of 37 mm/hr (normal range 0–20), and in 25% of the patients the ESR was even normal, which can question SAT diagnosis in the cases without elevated ESR. For comparison, in our group, all the patients had elevated ESR, and the mean value was 66 mm/h, with the upper normal limit of 12 mm/h (data not presented in this paper).

The vascularization of SAT lesions is usually decreased (82.6% of our cases) or even absent (8.7% of our cases) although several authors reported normal to increases blood flow in a few SAT lesions, as well (11, 12, 16). Prior studies suggested that decreased vascularization is typical for the acute SAT phase and the increased blood flow is a feature of the recovery phase (12, 16). However, this explanation cannot be applied to our patients, because the analyzed US image was the first one, performed to diagnose the disease in the acute phase (confirmed by increased inflammation markers, including markedly increased ESR in all the cases), and yet we observed increased or normal vascularization in 8.7% of patients.

The occurrence of SAT is associated with genetic predisposition, encoded in the sixth chromosome fragment responsible for the HLA tissue compatibility antigen system. Correlation between SAT and HLA-B*35 has widely been described (8, 17–22) but the genetic SAT background in HLA-B*35-negative patient was unknown. Recently, the strong association between SAT and HLA-B*18:01, DRB1*01 and HLA-C*04:01 was demonstrated by our study team (Stasiak et al., under review) and—therefore—currently the HLA-dependent background of SAT is possible to be determined in almost all patients.

No data regarding the association of HLA haplotype and US pattern of SAT was available, because until recently, only HLA-B*35 was unequivocally considered to be a genetic SAT background. In most studies analyzing this relationship, no US examination was performed, or no description of the sonographic findings was available. The first reports on the relationship of SAT and HLA-B*35 date back to the 1970's, when the US examination was not widely available. The authors of the subsequent articles regarding the significance of HLA-B*35 in SAT used RAIU in the diagnosis of the disease, or the diagnosis was based only on the clinical presentation, elevated ESR and laboratory features of thyrotoxicosis (8, 17–20, 22). Therefore, only very few thyroid US images are described in SAT patients with confirmed presence of HLA-B*35. Hamaguchi et al. (21) reported HLA-B*35-positive twins with SAT, in whom the thyroid was enlarged in US, with unilateral hypoechoic areas corresponding to tender, firm, palpable nodules. Unfortunately, no details concerning the size or shape of the areas were provided (21). In our study, HLA-B*35 and HLA-C*04:01 were analyzed together in the same group, as HLA-C*04:01 is in linkage disequilibrium with HLA-B*35. The typical sonographic pattern for this group included multiple hypoechoic, strongly heterogeneous, areas, with decreased vascularization, usually oval, with blurred margins, infrequently affecting the whole lobe. In contrast to the observations of Hamaguchi et al. (21), in our Group 1 SAT lesions were often bilateral (84%). It should be stressed, however, that a single description of identical twins cannot be compared to the analysis of our group, containing 25 patients. The US pattern of SAT lesions in our Group 1 corresponds to the typical SAT sonographic findings. Interestingly, the same typical pattern was found in HLA-DRB1*01-positive group, although this haplotype belongs to class II of the major histocompatibility complex (MHC), while all other HLA-related SAT risk haplotypes belong to class I MHC. It could have been expected that the main differences in the US image should be found between haplotypes from various MHC classes. However, it seems that the effect of haplotypes HLA-B*35, C*04:01 and DRB1*01 on the US image of SAT lesions is similar.

It is worth noticing that no statistically significant differences in patient age between the analyzed four groups has been found (data not presented in the present paper). Recently Vita et al. (23) reported that among patients with remission of Graves' disease, carriers of the alleles B35 or DR1 (serotyping) were the youngest and the oldest, respectively. However, the peak incidence age is different for each of the two diseases, and therefore discrepancies in age-dependence are expectable.

The presence of HLA-B*18:01 seems to be a key factor that changes the thyroid US image in SAT, because the differences in sonographic findings are expressed most strongly in patients with HLA-B*18:01 only. Less expressed differences from the typical SAT US pattern are visible in patients with the coexistence of HLA-B*18:01 and B*35, while in patients without HLA-B*18:01 sonographic findings are SAT-typical. Several features of SAT lesions in patients with the presence of HLA-B*18:01 only were different from patients without HLA-B*18:01 haplotype or even from patients with simultaneous presence of HLA-B*18:01 and B*35. In most cases with HLA-B*18:01 only, there was unilateral homogenously hypoechoic single SAT area, which filled the whole affected lobe, mimicking the large thyroid nodule. Vascularization of these lesions was SAT-typical—decreased or frequently absent. In patients with co-presence of HLA-B*18:01 and B*35, the main difference, as compared to the other groups, concerned the shape of the SAT lesions. In the whole group of our patients, the most common SAT lesion shape was oval, but no lesion in HLA-B*18:01 plus B*35 patients was oval in shape. The lesions were patchy or round—the latter shape being very rare in SAT lesions.

Our results have clearly shown that the presence of HLA-B*18:01 is the main factor changing the typical SAT sonographic pattern to a different one. The co-occurrence of HLA-B*35 reduces many of the above described differences, although the presence of HLA-B*18:01 still alters the US pattern, which remains—to some extent—different from the one typical for SAT. It is to be noted that the differences between the US image in HLA-B*18:01-positive patients with and without HLA-B*35 are very significant. Firstly, in 80% of patients with HLA-B*18:01 only, SAT lesions were unilateral, while in patients with additional presence of HLA-B*35 all lesions were bilateral. Secondly, in the HLA-B*18:01 group, most lesions were single, separated, homogenously hypoechoic areas filling the whole thyroid lobe, while for patients with HLA-B*18:01 and B*35, multiple heterogeneous areas were a typical US finding. Now, it is difficult, to speculate why the occurrence of HLA-B*18:01 changes the US SAT image in such a great extent. Perhaps the decisive role is played by subpopulations of immune cells that are involved in the inflammatory process in SAT. The presence on the cell membrane of MHC class I molecules presenting own peptides that resemble pathogen antigens increases the risk of antigen presentation, effector cell activation and the occurrence of the inflammatory process. Further research is required to precisely explain this phenomenon—first of all, our future work will focus on evaluation of the inflammatory cells subpopulation in the FNAB material obtained in the active phase of SAT inflammation in patients with particular HLA haplotypes.

When analyzing the conclusions drawn on the basis of the obtained results, the limitations of this study should be taken into account. Firstly, it should be noted that all the patients taking part in the study were Caucasians, and the direct transposition of the obtained results to other populations may not be fully possible. Secondly, ultrasound examination was performed by the authors, so it was not blinded for SAT diagnosis. However, it was fully blinded for HLA antigens, because no HLA results were known at the time of US examination in the acute phase of the disease. Moreover, the pathology review was unblinded as the suspicion of SAT was always stated on the cytology request form. Additionally, the analysis of the obtained data must be done with care in regard to the statistical significance, as—despite the relatively large number of the analyzed parameters—no correction for multiple comparisons was applied. However, in most of the cases marked bold in Tables 1, 2 we can assume that the presented p-values indicate the true, existing differences between the groups with high probability.

In conclusion, our results provide for the first time evidence that the US image of SAT depends on HLA haplotype, and the determining factor is the presence of HLA-B*18:01. The deviations from the typical SAT US image are mostly pronounced in patients with the presence of only HLA-B*18:01, without any other analyzed haplotypes. Further research is necessary to explain the cause of this phenomenon.
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Aim: Numerous TIRADS (Thyroid Image Reporting and Data System) classifications have been developed, and various ultrasound (US) parameters are employed in different countries. The aim of our study was to introduce risk classification and management in a native population based on the Guidelines of Polish National Societies Diagnostics and Treatment of Thyroid Carcinoma but with the addition of sonoelastography.

Materials and Methods: We examined prospectively 208 patients with 305 thyroid lesions employing B-mode ultrasound and sonoelastography (SE). Nodule composition, echogenicity, margins, shape, presence or absence of calcifications, thyroid capsule, nodule size were assessed using B-mode ultrasound. Moreover, sonoelastography results were presented using the Asteria scale.

Results: In univariate analysis, the following US features were significantly associated with malignancy: >50% solid /solid component, marked hypoechogenicity, ill-defined margins, micro and macrocalcification, taller-than wide shape, no/partial halo pattern, infiltration of the capsule and an Asteria score of 4. Multivariate logistic regression analysis of B-mode features revealed that ill-defined margins (OR 10.77), markedly hypoechogenicity (OR 5.12), microcalcifications (OR 4.85), thyroid capsule infiltrations (OR 3.2), macrocalcifications (OR 3.01), and hard lesion in SE (OR 6.85) were associated with a higher Odds Ratio (OR) for malignancy. Multivariate logistic regression analysis revealed that combining two features increases the OR and the best combination was irregular margins and Asteria scale 4 (OR 20.21). Adding a third feature did not increase the OR.

Conclusions: Sonoelastography increases the value risk of predicted malignancy, with consequent different approach to further clinical investigation and management. A solitary feature (Asteria 4) in a solid tumor can result in its categorization as TIRADS 4, but coexistence with high risk features allows it to be upgraded to TIRADS 5. The irregular margin was the strongest single feature which allowed for the assignment of a solid tumor into TIRADS 5 category. The highest accuracy was found by combining the features of age, margin, echogenicity (markedly hypoechoic), capsule infiltration, microcalcifications and sonoelastography (Asteria 3,4) of the tumors.

Keywords: TIRADS classification, thyroid cancer, thyroid nodules, ultrasonography, sonoelastography


INTRODUCTION

In Poland, 3,529 new cases of thyroid cancer were diagnosed in 2015. The annual incidence rate has increased from 3.8 per 100,000 in 2000 to 9.2 per 100,000 in 2015 (1, 2). Therefore, it is crucial to increase the accuracy of detection and surveillance in patients with thyroid disease.

Ultrasound examination (US) significantly improves the detection of thyroid nodules. According to reports in the literature, the percentage of thyroid nodules in adult patient's ranges from 33 to 68% and is higher when using higher frequency probes (1, 3). Most of these lesions are benign and reports indicate that malignant tumors below 10 mm in size are often characterized by non-aggressive behavior (2, 4), supporting the need for non- and minimally invasive diagnostic tools in patients with thyroid nodules. Currently, numerous recommendations for the risk stratification of thyroid nodules and their management are available in the literature (5–8). Most often, confirmation of the suspicious character of the nodule requires a cytological examination of the material using a fine needle aspiration biopsy (FNAB) which is the preferred the first line confirmatory investigation. Depending on the risk of malignancy in thyroid nodules, pathological verification may be recommended and a clinical decision in favor of surgery made (8). Currently, US, in combination with FNAB are considered to be the principle diagnostic tools for the diagnosis of thyroid nodules (9–12).

However, the use of US in the differentiation of malignant and benign lesions is characterized by low specificity (13). Moreover, lesions without suspicious ultrasound features, <10 mm in size, without additional clinical factors to suggest increased risk such as the presence of metastatic lymph nodes or distant metastases, neck radiation in the past, family history of thyroid cancer, appearance of a thyroid nodule before 20 or after 60 years of age or significant increase in nodule size, could be observed conservatively without proceeding with FNAB (8, 10, 14).

Currently, the basic US technique used to assess thyroid nodules is gray-scale imaging (B-mode). The features that are suspicious of malignancy in terms of US B-mode include solid composition, low or markedly low echogenicity (in relation to thyroid parenchyma and strap muscles); irregular or lobulated margins, vertical shape of the lesion (taller-than-wide) and the presence of microcalcifications and capsule infiltration (10, 15, 16). In recent years, new ultrasound techniques have appeared, such as elastography and ultrasound contrast agents to assess stiffness and micro vascularization of tissues. These techniques improve the diagnostic accuracy of US, but with some limitations (17–22).

An important step in the standardization of the assessment of the malignancy risk in thyroid nodules based on the US examination was the introduction of the TIRADS (Thyroid Imaging Reporting and Data System) classification based on the widely accepted BIRADS classification (Breast Imaging Reporting and Data System). It describes the risk of malignancy of focal lesions on an incremental scale from 0 to 6 (23). TIRADS was first proposed in 2009 (24, 25) and was the subject of further refinement in the following years (26–29). Different TIRADS classifications were published in the literature (25–27). The most recent two were proposed by the European Thyroid Association, EU-TIRADS (30), and by the American College of Radiology, ACR-TIRADS (31, 32). The above recommendations are based on a current review of the literature and expert opinion. However, there are some differences in these recommendations, even though they both utilized similar US features for predicting malignancy. In the ACR-TIRADS, experts assessed (on a scale 1–3 points, where 3 points are given for the highest risk of malignancy) the composition, echogenicity, shape, margins and the presence of echogenic foci. As an example, for the lesion to be categorized as TIRADS 5, at least 7 points are required in total. In the EU-TIRADS, it is sufficient to identify one of the high-risk US features (non-oval shape, irregular margins, microcalcification and marked hypoechogenicity) to categorize a nodule as TIRADS 5. In both guidelines sonoelastography (SE) may be used as a complementary tool for assessing nodules for FNAB but they do not precise how integrate them into risk stratification system.

In our country, Guidelines of Polish National Societies Diagnostics and Treatment of Thyroid Carcinoma recommend the use of clinical and ultrasound features, including SE (if available), in qualifying for FNAB (8).

Therefore, an attempt was made to introduce new TIRADS classification and assessment the risk of malignancy in thyroid nodules with the addition of sonoelastography in a group of polish patients.



MATERIALS AND METHODS


Patients

In this prospective study, patients gave informed consent to participate in the research, and the institutional Review Board of the Maria Sklodowska-Curie Institute–Cancer Center, Warsaw, Poland (MSCI) approved the study. From May 2014 to November 2017, 208 patients (54 men, 154 women) with a total of 305 thyroid nodules were included in the study. The US examinations were conducted in the Department of Oncological Endocrinology and Nuclear Medicine MSCI and in Department of Imaging Diagnostics at the Medical University of Warsaw.

The inclusion criteria for the study were a thyroid nodule with suspicious features on US examination or a nodule after US-guided FNAB (according to the Guidelines of Polish National Societies) (8), with Bethesda IV-VI results and patients with Bethesda II with clinical symptoms. The exclusion criteria for the study were completely cystic lesions, lesions with eggshell calcifications, or lesions with non-diagnostic cytology results. The researchers during examination and assessment the B-mode films were blinded—not aware neither of the FNAB nor histological results. We did not use the TIRADS classification and elastography as a criterion which qualified the patient to the surgery.



Histology

Out of 305 nodules, 126 were single nodules (126 patients), and multiple nodules (179) were found in the remaining 82 patients. Histological verification was performed in 153 thyroid nodules (including all CV-CVI lesions), and cytological confirmation was performed in 152 thyroid nodules. Histological and cytological findings were used as study endpoints. All patients with cytological confirmation of malignancy were verified by histological examination after surgery. For patients with benign FNAB results, US follow-up examination was performed within 6 months. FNABs were performed with the capillary fill, free hand technique using 22- to 24-gauge needles, and aspirates were immediately fixed in 75% ethanol and stained with haematoxylin and eosin (H&E). The cytological results were reported according to the Bethesda classification I-VI category (CI-CVI) (33). FNAB was repeated for nodules classified as CI, CIII, and small C IV nodule (<10mm). Additionally, 55/207 nodules confirmed as benign (CII) were operated on due to clinical diagnosis of compressive symptoms from an enlarged thyroid.

Cytological results (CV and CVI) were verified by an independent pathologist. The pathologist was blinded to the results of the US examination. Surgical specimens were immediately fixed in 10% buffered formalin. Representative sections from these specimens were processed and routinely stained with H&E for histopathologic (microscopic) examinations.



Conventional B-Mode and US Examinations

Five radiologists, with experience in thyroid B-mode imaging ranging from 6 to 22 years and with experience in US elastography from 1 to 7 years performed the examinations of the thyroid glands and the cervical regions using a 5–12 MHz linear array transducer (iU22 US machine, Philips Medical Systems, Bothell, WA). During the examination, patients were in the supine position. Transverse and longitudinal sections of the lesions were investigated. During the sonoelastography, the US probe was gently placed on the thyroid and examiners avoided pressing on the thyroid with the probe, according to recommended device requirements, to reduce false-positive findings. This SE technique does not require compression and de-compression and is, therefore, operator independent. Radiologists who performed the US examinations prospectively analyzed gray-scale conventional B-mode US, color Doppler (CD) and SE (using Asteria four-point scale criteria) (17).

The following lesion features were assessed in the US examinations according to the Polish Ultrasound Society and Guidelines of Polish National Societies (8).

-composition: solid, almost solid, cystic portion <50%, cystic portion >50%, spongiform (in solid-cystic lesions the echogenicity, margins, spongiform character, angle of the wall and vascularity of the solid part were assessed);

-echogenicity: hyperechoic, isoechoic, hypoechoic—compared to surrounding thyroid tissue and markedly hypoechoic compared to strap muscle;

-margins: well-defined, irregular (spicular, jagged, angular, lobular);

-shape (taller-than-wide—tall/wide, wider-than-tall—wide/tall);

-presence or absence of calcifications (micro- or macrocalcifications) shadowing and comet- tail artifacts;

-color Doppler pattern: peripheral, central, mixed, none;

-thyroid capsule: infiltration, deformation, none;

-nodule size: volume of the nodule;

In order to calculate the volume of nodules, their shape was assumed to be ellipsoidal. The three axes of symmetry for each nodule were determined as the largest lengths of each lesion in three perpendicular directions. The three axes are referred to in the paper as “tall,” “wide,” and “long.” Finally, the volume was calculated using the ellipsoid formula.

[image: image]

Strain sonoelastography of the tumors and surrounding tissue was performed after B-mode examinations. The lesions were placed in the middle of the field of view (FOV). After 5–10 s of image stabilization, the 10 s films were recorded, and the radiologists evaluated those records containing transversal and longitudinal B-mode cross sections. Using the color map (where blue indicates hard tissue and red indicates soft tissue), the Asteria scale was reported as following:

-elasticity score (ES)-1: the nodule is displayed homogenously in red; indicating elasticity in the entire lesion;

-elasticity score (ES)-2: the nodule is displayed predominantly in green with a few blue areas/spots; indicating elasticity in a large part of the lesion;

-elasticity score (ES)-3: the nodule is displayed predominantly in blue with a few green areas/spots; indicating stiffness in a large part of the lesion;

-elasticity score (ES)-4: the nodule is displayed completely in blue (hard); indicating a lesion without elasticity;

Finally, after statistical analysis, the US features and the sonoelastography of the nodules were categorized according to independent predictors of malignancy and a new approach for classifying TIRADS risk factors was proposed.

We sorted the tumors into intermediate, high and highest risk of malignancy (TIRADS 3, 4 and 5 categories) according to the results from statistical analysis (accuracy) of the B-mode features and SE descriptors (Figure 1).


[image: image]

FIGURE 1. Flowchart concerning the integration of sonoelastography into the modified TIRADS classification.





Statistical Analysis

Statistical analysis was completed with the STATISTICA v 13.1 software package. Significance level α = 0.05 was used for testing of statistical hypothesis.

In the analyzed material for each continuous variable: number, arithmetic mean, standard deviation, median, lower and upper quartile, minimum value, maximum value and skewness and kurtosis coefficients were calculated. For each discrete variable, the number and the structure index were calculated. To compare means, the Student's t-test, Mann-Whitney U test and one-way analysis of variance were used. Homogeneity variance was tested using F-test and Brown-Forsythe's test. Scheffe's test was used as a post-hoc test.

Analysis of the interdependencies between a pair of discrete variables was based on the contingency table and calculations for them: row percentages, column percentages and Pearson chi-square independence test values or Fisher's exact test for four-field tables.

Odds ratios (OR) with relative 95% confidence intervals were calculated to determine the relevance of all potential predictors of outcome.

For the assessment of usability of individual US features in differentiation of benign and malignant lesions, using the contingency table, called the classification matrix, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy and Youden index were calculated.

The assessment of the impact of individual independent variables on the dichotomous dependent variable based on the logistic regression model (univariate and multivariate analysis) was performed to determine independent predictors of malignancy from US features that showed statistical significance and the power of individual US features.

Finally, benign and malignant lesions were divided into two groups: lesions smaller or equal to 10 mm and those greater than 10 mm, and were compared according to US features.




RESULTS


Patients

A total of 305 thyroid lesions (207 benign, 98 malignant) were identified in 208 patients with mean age 50.4 years (range 15–86 years, SD: 14.73 years). The mean age of the patients with benign lesions was 52.0 years (range 15–82 years, SD; 14.27 years). The mean age of the patients with malignant lesions was 47.8 years (range 20–86 years; SD; 15.22 years). The mean volume of all lesions was 2.67 ml (range 0.01–44.6 ml; SD; 5.51 ml); the mean volumes of malignant and benign lesions were 2.52 ml (range 0.01–28.18ml, SD; 5.08 ml) and 2.73 ml (range 0.03–44.60 ml; SD; 5.70 mm), respectively. There were 126 single nodules and 179 were in a multinodular goiter. The histological and cytological results for the 305 lesions are presented in Table 1. The Bethesda category distributions were: VI (18), V (39), IV (35), III (43), II (166), I (24).



Table 1. Histopathological and/or cytological results of 305 thyroid lesions.
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Conventional B-Mode US Examination

The data in Table 2 presents the characteristics of the benign and malignant nodules.



Table 2. The structure of the US features data; p-values produced by chi-square test.
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It can be noticed that malignant tumors more often are solid, are taller-than-wide, are hypoechogenic, have irregular margins, have micro- and macrocalcifications, lack halo and are stiff on SE (p < 0.05) when compared to benign ones.

Benign lesions were significantly more cystic-solid (>50% solid component), iso-and hyperechoic, with well define margins, wider-than-tall without micro- and macrocalcifications, with halo and deformable on sonoelastography (p < 0.05) (Table 2).

In univariate analysis, the following US features were significantly associated with malignancy; with sensitivity, specificity and accuracy as follows: >50 solid /solid component (66.39, 46.86, 54.10%), marked hypoechogenicity (28.57, 92.75, 72.13%), ill-defined margins (66.33, 84.54, 78.69%), microcalcification (64.29, 72.95, 70.16%), macrocalcification (38.78, 82.61, 68.52%), taller-than wide shape (68.37, 48.31, 54.75%), no/partial halo pattern (94.90, 21.74, 45.25%), infiltration the capsule (37.75, 84.06, 69.18%) and Asteria 4 score (44.90, 89.37, 75.08%) (Tables 3, 4).



Table 3. Descriptive statistics of B-mode and elastographic parameters discriminating benign from malignant thyroid lesions (PPV, positive predictive value; NPV, negative predictive value; sensitivity, specificity, Youden index, sum-sensitivity+specificity).
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Table 4. Logistic regression analysis of Asteria Scale parameter and B-mode risk factors in predicting malignancy of thyroid lesions (p-values were calculated by Chi-square tests).
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Using ORs (multivariate logistic regression analysis) for the association of significant predictors with the odds of malignant outcome, we determined that irregular margins (OR, 10.77; p < 0.01) had the highest OR. Then, marked hypoechogenicity (OR, 5.12; p < 0.01), microcalcifications (OR, 4.85; p < 0.01), thyroid capsule infiltrations (OR, 3.2; p < 0.01), macrocalcifications (OR, 3.01; p < 0.01), and hard lesion in SE (Asteria 4) (OR, 6.85; p < 0.01) independently predicted the malignancy (Table 4).

Using the logistic regression model, we combined the aforementioned features and demonstrated a sensitivity of 67.35%, specificity of 91.30%, PPV of 78.57%, NPV of 85.52%, accuracy of 83.61%, OR of 21.656, and a 95% CI (11.369–41.253).



Findings of Combined Conventional B-Mode US Features and Combined With SE

To improve the accuracy of predicting malignancy in thyroid lesions, we combined the conventional US B-mode parameters with the results from SE. Multivariate logistic regression analysis revealed that combining two features: margins and Asteria (3,4 score) scale, increased OR to 20.21 (OR for margins 10.77, for Asteria scale 6.85). Also, combining another two features, echo pattern in comparison to muscles and the presence of microcalcifications significantly increased OR to 13.27 (OR for echo pattern 5.12, for microcalcifications 4.85), and macrocalcification and thyroid capsule infiltration to 7.60, respectively (OR for macrocalcification 3.00, for thyroid capsule infiltration 3.19). Adding the third feature did not increase the OR. Otherwise, combining irregular margins, which had the highest OR, with all US features did not improved statistical parameters (including OR) in differentiation the character of the lesions. The detailed findings are presented in Table 5.



Table 5. Logistic regression analysis of combined elastographic and B-mode parameters in predicting malignancy of thyroid lesions (OR).
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We sorted the tumors into intermediate, high and highest risk of malignancy.

Logistic regression analysis showed the lowest accuracy (<55%) for three features including composition (solid or >50% solid), shape (taller-than-wide) and halo pattern (without halo or partial halo). Therefore, we proposed a TIRADS 3 (intermediate risk) category for lesions with these features. Table 6 demonstrates that in this group 4/64 tumor were malignant, and the risk of malignancy was 6.25%. In SE, all of the tumors were found to be not suspicious (Asteria 1 and 2).



Table 6. Risk of malignant tumors and their frequency according to B-mode features and combination of B-mode features and sonoelastography (Asteria 3, 4).
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Ill-defined margins as a single feature resulted in the highest accuracy (78.69) and also highest OR (10.77)—therefore, we proposed assigning them into TIRADS 5, the category for highest risk of malignancy.

The features such as: markedly hypoechoic, microcalcifications, thyroid capsule infiltration, or macrocalcification and Asteria 4, were assigned into TIRADS 4, the high risk of malignancy category (accuracy from 68 to 76%).

The goal was to assess the influence of the SE on proposed TIRADS 3, 4, 5 category results. Initially, according to the accuracy results for B-mode and SE features, the proposed TIRADS categories were preassigned for all tumors. Then we excluded the lesions with Asteria 4 as a single feature from TIRADS 4 category, because they were associated with increased risk of malignancy (Table 6). Afterwards, we assessed the “new” risk of malignancy, adding the SE result.

Using a logistic regression model, we combined all US features with age (<34 years) to obtain the highest accuracy. Combining the features of age, margin, echogenicity (markedly hypoechoic) capsule infiltration, and microcalcifications, we demonstrated sensitivity 69.39%, specificity 92.24%, PPV 82.93%, NPV 86.55%, accuracy 85.57%, AUC 0.871, 95%CI (0.829–0.907).

Finally, malignant and benign lesions were divided into two groups: smaller or equal to 10 mm and greater than 10 mm, and were compared according to US features. In comparison of groups of the lesions measuring <10 mm in diameter only thyroid capsule infiltration or/and deformation were statistically significantly different (p = 0.03) (Table 7).



Table 7. Comparing analysis, the frequency of occurring US features of the thyroid lesion regarding maximal measurement ≤1 cm and >1 cm (p-values were calculated by Chi-square tests).
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DISCUSSION

The TIRADS classification was first introduced by Horvath, and the goal of this approach was to group thyroid lesions into different categories depending on the likelihood of malignancy to precisely select thyroid nodules for biopsy or to avoid unnecessary biopsy. The main objective was to standardize and simplify reporting and improve communication between radiologists and endocrinologists. The authors described 10 patterns of thyroid nodules, but this proposal was not widely accepted and applied. Therefore, other authors proposed a new classification. Park et al. introduce the equation for calculating the probability of malignancy in thyroid nodules based on 12 dichotomic US features (25).

Kwak et al. proposed a classification based on the number of suspicious US features (27). The authors proposed a TIRADS classification, which relies on counting the number of suspicious US features, beginning from TIRADS 4. The authors subdivided the category TIRADS 4 into a, b, c, where one, two, three or four suspicious features were assigned to a subcategory of category 4, respectively. They demonstrated that, using multivariate analysis, the values of fitted probabilities and risk of malignancies increased with the number of suspicious US features. Elastography was not recommended. Our results are dissimilar to the Kwak risk stratification, where the number of suspicious features higher than two did not increase the predicted risk of malignancy, but adding sonoelastography significantly increased the predicted risk of malignancy.

In 2017, two societies, the European Thyroid Association and American College of Radiology, independently published their guidelines, the EU-TIRADS and ACR TI-RADS system for risk stratification, respectively. In 2018 in Poland, recommendations according to the Guidelines of Polish National Societies prepared on the initiative of the Polish Group for Endocrine Tumors were released. They contain the clinical and US suspicious features of thyroid nodules and indications for biopsy, but the TIRADS classification is not followed in routine practice by endocrinologists and radiologists.

Our results demonstrate that inclusion of sonoelastography suspicious features (Asteria 3,4) in the TIRADS classification system increases the risk for malignancy in TIRADS 4 and TIRADS 5 category. Unfortunately, in TIRADS 3 lesions, the inclusion of elastography features did not increase the risk of the malignancy (all lesions had sonoelastography scores of Asteria 1 or 2). There were four false negative results for elastography in this group. Therefore, for a TIRADS 3 (intermediate risk) category, FNAB is still recommended upon B-mode features finding (mean risk of malignancy 6.25%) is advocated regardless of sonoelastography results.

Ill-defined margins as a single feature resulted in the highest accuracy and highest OR (10.77)—therefore, we proposed assigning them into TIRADS 5, the category with the highest risk of malignancy, and recommended performing FNAB. When combining this features with sonoelastography (Asteria 3, 4 scores) the risk of malignancy increased even more (from 67.01 to 80.00%).

As an example, adding sonoelastography results (Asteria scale 3, 4) to ill-defined margins, reduced false positive results from 32 tumors, for ill-defined margin alone, to 10 tumors (Tables 2, 5).

The occurrence of at least one of the high-risk features in a nodule should lead to consideration of assignment to TIRADS 4 category and performance of an FNAB should be considered.

The combined analyses of SE (Asteria 3, 4 scores) with the following high risk TIRADS 4 category B-mode features: infiltration of the capsule, markedly hypoechoic microcalcification and macrocalcification, resulted in an increased prediction of malignancy using the risk of malignancy (the risk of malignancy increased from 25.53 to 34.14%). Also, the combination of two B-mode features, such as marked hypoechogenicity with microcalcification (OR = 13.27) or macrocalcification and thyroid capsule infiltration (OR 7.60) increased the OR—therefore, we recommended a classification of TIRADS5 category for tumors with these features independently, based on the size of the lesions. In the case of a non-diagnostic, or negative result, FNAB should be repeated.

Our results and proposed algorithm for TIRADS suggest that sonoelastography could be integrated into the TIRADS classification system and used in daily practice, and also as an independent risk predictor in daily practice.

If nodules are predominantly cystic or spongiform and have no features of intermediate or high risk of malignancy, then TIRADS 2 category is appropriate and surveillance recommended (7, 32).

In the EU-TIRADS, if at least one of the high-risk features: non-oval shape, irregular margins, microcalcifications or marked hypoechogenicity is present, it is recommended that the lesion should be classified into the high-risk category of EU-TIRADS 5. Only a mildly hypoechoic pattern without any feature of high risk is recommended for classification as EU-TIRADS 4 category with intermediate risk, and an FNAB is recommended for nodules >15 mm. Our results are partially concordant with the EU-TIRADS if the suspicious US B-mode features are analyzed. However, we suggest dividing them into intermediate, high and the highest risk of malignancy.

Haugen BR at al. published an ATA (American Thyroid Association) risk stratification scale of thyroid nodules, dividing them into 5 categories (benign, very low suspicion, low suspicion, intermediate suspicion and high suspicion) (7). Our results are only partially compatible with the ATA recommendations. In our study, similar to the Haugen et al. study, the group of highly suspicious features include: ill-defined margin, hypoechogenicity, microcalcifications and extra-thyroidal extension. We achieved an inconsistent result with shape (taller-then-wide), >50% solid tumor composition and halo “pattern”(partial or no), which we categorized it into intermediate risk group, and despite the difference in the risk stratification the recommendation for the biopsy was similar. In ATA guidelines shape (taller-then-wide) in solid hypoechoic or solid hypoechoic component of a partially cystic nodule is the high suspicion features group. In the most recent published paper comparing the different TIRADS classification, Ha EJ et al. concluded that ATA guidelines afford relatively moderate sensitivity for thyroid cancer detection, compared to the 2016 KTA (Korean Thyroid Association) and 2017 ACR guidelines. This limitation could arise due to the examined population—different region (different biology of the thyroid disease) and different hospitals (differences in equipment).

This work has some limitations. Firstly, we had a high percentage of malignant lesions, 32% higher than normal prevalence in population. That could have some impact on our statistics. That is why further prospective exploration of our results is needed. Secondly, we used strain elastography that is considered more operator dependent and requires more experience for accurate interpretation. Both this technique together with shear wave elastography are recommended by World Federation of Ultrasound in Medicine and Biology according to stratification of thyroid nodules (34). Thirdly, it should be noted that the possibility of false negatives was not completely avoidable, as patients with Bethesda Category II and no changes in B-mode US examination within 1 year did not undergo surgery.



CONCLUSIONS

Our work has demonstrated that three B-mode features, such as composition (solid or >50% solid), shape (taller-than-wide) and halo pattern (without halo or partial halo), correspond to an intermediate risk of malignancy (TIRADS 3). The highest risk factor for cancer malignancy (TIRADS 5), turned out to be associated with margin (ill-defined) as the strongest single feature. A high risk of malignancy (TIRADS 4) was associated with echo pattern (markedly hypoechoic), microcalcifications (present), thyroid capsule (infiltration), macrocalcification (present), and Asteria scale (4 degree). There has been disagreement regarding the integration of sonoelastography into the TIRADS system in previous classifications. In our study, sonoelastography increases the predicted risk of malignancy especially in nodules in TIRADS 4 and 5 categories. Asteria 4 as a solitary feature in a solid tumor could result in its categorization as TIRADS 4 category, but coexistence with high risk features allows it to be upgraded to TIRADS 5 category. Lesion in TIRADS 5 category and suspicious sonoelastography (Asteria 3,4) indicates a highly increased risk of malignancy.
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Objective: It is a well-known fact that positron emission tomography (PET) is an effective tool in the assessment of thyroid focal lesions, however only few studies so far have investigated its role in monitoring of autoimmune thyroid diseases (AITDs). The aim of this study is to assess if PET scan may be useful for the assessment of the thyroid gland in patients with an AITD—Hashimoto's thyroiditis.

Methods: We evaluated twenty subjects with diagnosed Hashimoto's thyroiditis (proven by presence of elevated thyroid antibodies level and by thyroid imaging). The maximum standardized uptake value (SUV-max) of the thyroid parenchyma was measured using 18F-FDG-PET/CT. Control group consisted of patients who have been in carcinoma remission for other reasons than thyroid cancer and who had been investigated by PET scan to exclude carcinoma recurrence.

All control group subjects had their thyroid glands intact, none of them had a medical history of thyroid disease including thyroid nodules. AITDs had been excluded in all control group subjects. STATISTICA 13.1 software was used for statistical analysis.

Results: Results: The SUV-max was significantly higher in patients with an AITD than in healthy subjects (median SUV-max 3.94 vs. 1.95; p = 0.005).

Conclusions: 18F-FDG-PET/CT scan may differentiate normal thyroid parenchyma from the diffused inflammatory changes of the thyroid gland in patients with AITDs. However, the researchers must be continued.

Keywords: thyroid, ultrasound, autoimmune thyroid disease, 18FDG-PET, Hashimoto's disease


INTRODUCTION

Autoimmune thyroid diseases (AITDs) is a wide group of autoimmune thyroid disorders like hyperthyroid Graves' disease, Hashimoto's thyroiditis or atrophic autoimmune hypothyroidism (1). The most common type of an AITD in Poland is Hashimoto's thyroiditis (referred to as AITD, throughout this article), which is much more common in women. Its prevalence is estimated at 2% in all age groups with an annual incidence of 0.3–1.5 per thousand people, however, a statistical growth of its incidence has been recently observed (2). AITD may result in hyperthyroidism, subclinical dysfunction or, most commonly, in hypothyroidism. The common hypothyroidism signs and symptoms include deterioration of well-being, excessive weight gain, dry skin, hair loss and many more. Moreover, AITDs may be a prelude to the subsequent development of thyroid hormone disorders. There is no ideal test for diagnosis of AITDs. Currently the diagnosis of AITD is based on the coexistence of clinical symptoms, presence of antibodies against thyroid antigens (thyroperoxidase, thyroglobulin) and characteristic ultrasound image (3). Therefore, it is undoubtedly worth looking for new methods of diagnosing and monitoring the disease. AITD can be associated with other autoimmune diseases in the same patient such as vitiligo, chronic autoimmune gastritis, rheumatoid arthritis or polymyalgia rheumatica (4).

It is a well-known fact that positron emission tomography (PET) is an effective tool in the assessment of thyroid focal lesions (5), especially in the diagnosis of advanced differentiated thyroid carcinoma (6).

However, we also know that the PET scan may be useful in the imaging of inflammatory lesions including thyroiditis (in some of the previous studies this case has been referred as “false-positive PET uptake”) (7, 8). Under normal conditions, uptake of FDG in the thyroid tissue is low or absent. The PET scans may present increased focal or diffuse pattern of FDG uptake. Diffusely increased uptake of FDG may be associated with AITDs or with the hypothyroidism (9–12). Focal increased uptake of FDG represents higher risk of malignancy (13).

PET scan is not a standard test used in diagnosing and monitoring of AITD patients. However, results of this imaging studies may be valuable in some cases.

The aim of this study was to assess if PET scan may be useful for the assessment of the thyroid gland in patients with AITD.



MATERIALS AND METHODS

We conducted 18-FDG-PET scan in twenty patients of our endocrinology clinic between September and November 2018, in which we diagnosed Hashimoto's in advance. The disease has been identified by elevated thyroid peroxidase antibodies level and by the hypoechoic pattern of the thyroid gland assessed by ultrasound imaging. Thyroid ultrasonography was performed using the Sonoscape E2 ultrasonograph device with 7.5 MHz linear probe.

Control subjects were six patients (exclusively women) who have been in carcinoma remission and underwent neck imaging with a PET scan due to reasons other than assessment of thyroid disease. AITDs had been excluded in all control group subjects. All control group subjects had their thyroid glands intact, none of them had a medical history of thyroid disorders.

Written informed consent was obtained from the every participant of this study. Bioethics Committee of the Nicolaus Copernicus University in Torun functioning at Collegium Medicum in Bydgoszcz stated their positive opinion on our research.

To assess the 18FDG uptake, the SUV-max was measured in the thyroid area. Nuclear medicine imaging was performed on the whole-body high-resolution PET/CT scanner Biograph 6. The images were acquired 60 min after radiotracer administration. To ensure the results proper interpretation, nuclear medicine specialist assessed them.

All data obtained were subjected to a statistical analysis with usage of STATISTICA 13.1. Differences in SUV-max values between a group of AITDs subjects and a group of healthy subjects were analyzed by the Mann-Whitney U-test and the aforementioned difference has been considered statistically significant at the p-value <0.05.



RESULTS

Median age of subjects with Hashimoto's thyroiditis was 41.56 ± 13.09 years. There were no age-related statistical differences in the 18FDG uptake in thyroid parenchyma (p = 0.57). The SUVmax has been measured in the thyroid area for all the subjects included in the study. SUV-max was significantly higher in patients with an AITD than in control subjects (median SUV-max 3.94 vs. 1.95; p = 0.005). The differences between SUV-max in the group of patients with an AITD- Hashimoto's thyroiditis and in control group patients was presented in Figure 1.


[image: image]

FIGURE 1. Difference of SUV-max between group of patients with AITD and control group subjects.





DISCUSSION

Positron emission tomography (PET) scan is widely used and a valuable method in work-up of patients with thyroid carcinoma or cancer screening in healthy patients (14). Nowadays, there are more than 5000 PET-CT systems available all over the world. In clinical oncology PET-CT may be used as a diagnostic tool which may reduce amount of unnecessary surgical interventions (15).

PET-CT scanning uses isotopes such as oxygen-15, fluorine-18 or gallium-68. In our research we used 18-fluorodeoxyglucose (18F-FDG) as a radiotracer. 18F-FDG has short half-live (~110 min) and it has been established that increased uptake of 18F-FDG was noted in cells with enhanced metabolism such as inflammatory cells and cancer cells measured as the maximum standardized uptake value (SUVmax) (10, 16, 17).

Most studies about thyroid PET scan have been focused on differentiation between benign and malignant lesions such as: thyroid incydentalomas or thyroid papillary carcinoma (17–19). Nevertheless, there have been only few reports of autoimmune thyroid disorders (AITDs) 18F-FDG -PET scan. Akosmana and al. described thyroid lymphoma associated with Hashimoto's disease in 44-year-old man. PET scan performed in this patient showed increased diffuse FDG uptake in thyroid gland (SUVmax−17.6). After treatment—third cycle of chemotherapy—FDG uptake by thyroid remained increased (SUVmax−5.1) (20). While Schmid et al. reported increased 18F-FDG uptake mimicking thyroid cancer in a patient with Hashimoto's thyroiditis (21).

The most common of AITDs in Poland is Hashimoto's thyroiditis, its prevalence has been estimated at 2%. It is frequent to notice hormonal abnormalities as hypothyroidism or presence of elevated thyroid antibodies serum level before the occurrence of the clinical symptoms such as weight gain, hair loss, mental disorders (3). In our research we studied if 18F-FDG PET scan can differentiate normal thyroid parenchyma from parenchymal changes of the thyroid gland in patients with Hashimoto's thyroiditis.

We evaluated 20 patients (17 women, 3 men) with Hashimoto's thyroiditis which has been diagnosed by the presence of elevated thyroid antibodies serum level and thyroid ultrasound imaging. Among all included subjects, 12 patients presented a normal TSH serum level and 8 patients presented an elevated TSH concentration. All subjects presented a normal triiodothyronine and thyroxine serum levels. None of the subjects were treated with levothyroxine before the 18F-FDG PET scan. Control subjects consisted of patients who have been in carcinoma remission and simultaneously underwent neck imaging with a PET scan due to reasons other than diagnosing or evaluating thyroid diseases.

The SUVmax of the thyroid parenchyma was measured using 18F-FDG PET. The SUVmax was significantly higher in subjects with AITD than in control subjects (4.25 (IQR 2.79–5.91 vs. 1.76 (IQR 1.33–2.36), p = 0.05). There was no significant SUVmax differences between patients who had elevated TSH concentration and normal TSH serum level. The highest reported SUVmax (14, 76) was presented by a patient with no hormonal abnormalities and slight clinical manifestations of the thyroid disorder. Each of 20 subjects presented diffuse type 18 -FDG uptake.

Yasuda et al. (8) and consecutively Seji et al. (22) have reported that diffuse type of thyroid 18-FDG uptake pattern may be associated with chronic thyroiditis. Yasuda et al. (8) also suggested that subclinical chronic thyroiditis may be diagnosed accidentally during whole-body PET scan. According to the results obtained and presented by Choi et al. (23) diffuse thyroid 18F-FDG uptake pattern most likely indicates benign thyroid lesion. Our results also indicate that diffuse 18F-FDG pattern uptake may support AITDs diagnosis.

The mechanism of 18F-FDG uptake in AITD is still unknown. In a research focused on activated inflammatory cells, an increased FDG uptake has been observed, probably due to enhanced expression of the Glucose Transporters Type 1 (GLUT-1), described by Chakrabarti and al. in human peripheral blood lymphocytes enriched in T cells after phytohemagglutinins stimulation (24).

The limitations of our study was a small number of performed PET scans due to low availability and high cost of PET imaging. In Poland there are 26 PET-CT systems per 37,4 milions citizens.

Summing it up, 18F-FDG -PET scan in AITDs patients shows abnormal diffuse FDG uptake pattern in thyroid parenchyma. Abnormal thyroid PET scan pattern may indicate autoimmune diseases in subjects with no previous medical history or may support the diagnosis of an AITD in patients with subtle clinical signs with normal hormone levels and/or elevated thyroid antibodies. Although, we judge it necessary to obtain more data about the usage of PET imaging in the management and follow-up of the AITDs. Moreover, it seems to be crucial to know the techniques to differentiate 18F-FDG -PET uptake patterns in patients with neoplastic lesions associated with AITD. The American Thyroid Association (ATA) recommends that nodules which has at least 10 mm in size should be investigated with ultrasound (US) and needle aspiration (FNAB) (13).
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Thyroid nodules with ultrasound (US) cancer risk features and extra-thyroid lesions suggesting malignant lymph nodes, require prompt diagnosis, especially in children. The US pattern of intrathyroidal ectopic thymus (IET) can strongly suggest papillary thyroid carcinoma (PTC). The extra-thyroid ectopic thymic tissue (EET) can mimic pathological lymph nodes in US. The aim of the study has been to demonstrate US features and diagnostic methods, allowing finally to confirm the presence of IET and EET in children. The US and elastographic features of 16 ectopic thymic tissue (ET) lesions were analyzed so as to describe the typical characteristics of ET and to define the best method to differentiate ET and malignant lesions. Among 16 analyzed lesions, 11 lesions were IET, and 5 were EET adjacent to the thyroid connective tissue capsule. Most of IET were located in the middle part of the right lobe and were fusiform or oval in shape. All the lesions were solid, hypoechoic, and heterogeneous with bright internal echoes. Among IET, 73% of lesions had well- or very well-defined margins. In strain elastography of IET lesions, the strain ratio was similar in all lesions, and its value ranged from 0.95 to 1.09. Despite the low prevalence of IET and cervical EET, clinicians and radiologists should be aware of US characteristics of such lesions. The confirmation of their benign character is absolutely required. Elastography is a useful tool to initially differentiate PTC and IET. However, due to high risk of malignancy in thyroid lesions in children, similarity of US features of PTC and IET, and due to the possibility of malignancy in ET, only cytological evaluation provides definitive diagnosis.

Keywords: ectopic thymus, thyroid, elastography, ultrasound, thyroid cancer, metastatic lymph node


INTRODUCTION

Ultrasonography (US) is an accurate non-invasive diagnostic method commonly used in neck imaging. This is the first line tool in the diagnosis of thyroid gland nodules. In children, a frequent reason for neck US is the diagnosis of enlarged lymph nodes or other palpable neck nodules, but US is sometimes performed also due to family history of thyroid diseases or as a part of population studies. The increasing availability of US examination results in accidental findings of many more thyroid lesions than there used to be. Estimates from US and postmortem examinations suggest that 1–1.5% of children and up to 13% of older adolescents or young adults have thyroid nodules (1). The risk of cancer in thyroid nodules in children is 22–26% and is much higher than in adults (up to 5–10%) (1). Thus, in accordance with current guidelines, any thyroid lesion found in a child, except for pure cysts, requires thorough diagnosis including fine needle aspiration biopsy (FNAB). The size of the thyroid nodule cannot be a qualification criterion for FNAB because the child's body and thyroid are smaller than an adult's. Therefore, even small but suspicious nodules should undergo FNAB. Bilateral occurrence of focal lesions in a child does not reduce diagnostic alertness because thyroid cancer in children is often multifocal and bilateral (1, 2). In children, disease progression at the time of diagnosis is usually significant, with the presence of lymph node metastases in most cases and—in over 20% of cases—also distant lung metastases (1, 2). Hence, careful US examination of lymph nodes is required in every child with thyroid lesions. Sonographic features suggesting malignant thyroid lesion include solid and hypoechoic tumor pattern, irregular tumor margins, tumor shape (taller than wide), presence of microcalcifications, and increased tumor vascularization. Abnormal, hypoechogenic structure within the neck, containing microcalcifications, and not showing central vascularization may correspond to a pathological neoplastic lymph node.

A thymus is a lymphatic organ involved in the differentiation of T lymphocytes. During embryogenesis, the thymus is formed from the ectoderm of the third branchial cleft and the endoderm of the third branchial pouch. The definitive thymus is formed by fusion of the right and left thymic primordials. Then it descends to the upper anterior mediastinum (3, 4). Aberrant thymic migration may lead to ectopic thymus location, including intrathyroidal locus. The prevalence of ectopic neck thymic tissue (ET) in children is very low and was reported as 0.99% (5) to 1.8% (6).

The US pattern of intrathyroidal ectopic thymus (IET) can strongly suggest papillary thyroid carcinoma (PTC), which is the most common thyroid cancer in children. The IET is usually a hypoechogenic lesion, with pronounced numerous punctate or linear bright internal echoes that suggest microcalcifications. In addition, the lesion margins may be irregular. Such features suggest PTC and require precise differential diagnosis. The extra-thyroid ectopic thymic tissue (EET) is most often located in the vicinity of the thyroid gland, usually close to the lower pole of the one of the lobes. For an inexperienced ultrasonographer, the US image of such a structure may suggest the presence of a pathological lymph node.

Strain elastography is a method which evaluates tissue stiffness (elasticity) by measuring the degree of tissue deformation in response to mechanical compression (7, 8). In this method, the stiffness of the thyroid lesion is compared to the adjacent healthy thyroid tissue and the difference in relative stiffness is presented as the strain ratio (SR). A SR value close to 1.0 means a similar relative stiffness for both evaluated tissues, and the higher the SR, the more suspicious the examined lesion is.

The aim of the study has been to present US features and diagnostic methods that will finally allow for confirmation of the presence of ET in children who were referred to our center in order to definitively diagnose suspicious thyroid nodules. Most of the presented children had already been scheduled for thyroid surgery in other centers.



MATERIALS AND METHODS

Medical data of nine children with 16 lesions, who were referred to the Department of Endocrinology and Metabolic Diseases, Polish Mothers' Memorial Hospital–Research Institute, Lodz, Poland, with suspected PTC or suspicion of neoplastic lymph node were analyzed. In 11 of the cases, the US image of thyroid gland required differentiation with IET and in the remaining 5, the EET mimicked metastatic lymph nodes. After admission, patients had laboratory tests performed, including thyrotropin (TSH), free triiodothyronine (FT3), free thyroxine (FT4), parathyroid hormone (PTH) levels, anti-thyroglobulin antibodies (aTg), anti-thyroid peroxidase antibodies (aTPO), and TSH receptor antibodies (TRAb). All parameters were measured by electrochemiluminescence immunoassay (ECLIA) with a Cobas e601 analyzer (Roche Diagnostics, USA). Ultrasound examination was performed in every patient using a 7–14 MHz linear transducer (AplioXG, Toshiba Medical Systems Corp., Shimoishigami, Otawara-shi, Tochigi-ken, Japan). Scanning was performed in supine position with a pad under the patients' shoulders to provide optimum neck extension. Strain elastography was performed in all IET lesions (AplioXG, Toshiba Medical Systems Corp., Shimoishigami, Otawara-shi, Tochigi-ken, Japan).

FNAB with US guidance was performed in all patients using a 23-gauge needle. In all patients FNAB procedures were performed under moderate sedation or general anesthesia. All cytological evaluations were carried out by the same pathologist, who had more than 20 years of experience. Smears were cytologically evaluated and the presence of small lymphocytes with scattered epithelioid cells, without the presence of macrophages, histiocytes, or other cell types (e.g., eosinophils and plasma cells) was considered as a result typical for thymic tissue. The absence of lymphocytes of different stages of differentiation together with the absence of macrophages and other cells typically occurring in lymph nodes were required for differentiation with lymph nodes or other lymphatic tissues. The absence of oncotic follicular cells and plasma cells allowed us to cytologically exclude lymphocytic thyroiditis.

In all cases, written informed consent for all performed procedures was obtained from the patients' parents.



RESULTS


Clinical Features

The mean age of our patients was 5.8 years, ranging from 6 months to 11 years. The male to female ratio was 3:1. None of the children had any family history of thyroid cancer nor did they have medical history of irradiation. We did not measure calcitonin levels in the evaluated patients, as routine calcitonin assessment in diagnostics of thyroid nodules in children not harboring germline RET proto-oncogene mutation is not recommended (2). However, in 4 children the level of calcitonin was assessed in other centers and in all of them it was lower than 10 pg/ml, ranging from 4 to 7 pg/ml. In all patients in whom thyroid hormone tests were performed, all the results were normal for the patients' age. Anti-thyroid antibodies were negative in all cases. Clinical characteristics of the patients are presented in Supplementary Table 1.



Ultrasonographic Features

A total of 16 ectopic thymic tissues were found in 9 patients. Eleven lesions were IET and five were EET adjacent to the thyroid capsule. Ultrasound features of the studied lesions are presented in Tables 1, 2. IET size varied from 4 to 14 mm with the mean largest dimension at 6.5 mm, while EET size ranged from 7 to 18 mm with a mean largest dimension of 14 mm. Among IET, 7 lesions were located in right lobe and 4 in left lobe, 7 were found in the middle part of thyroid lobe, 4 in the lower part, and none in the upper part of the thyroid lobe. In three children, IET was located bilaterally, while in four children IET was unilateral. Extrathyroidal lesions were unilateral in 3 children, and all of them were located directly below the right lobe. In one child EET was bilateral. Coexistence of EET and IET was found in 2 children (Table 1).



Table 1. Ultrasound characteristics of the patients with ectopic thymic tissue.
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Table 2. Ultrasound features and strain ratio (SR) of lesions diagnosed as ectopic thymic tissue.
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Most of the cases of IET were fusiform (4 lesions) (Figure 3A) or oval (5 lesions) (Figure 4A) in shape, while extrathyroidal thymic tissue lesions were triangular (2 lesion) (Figure 1D), or oval (3 lesion). Among IET cases, there was one lesion of non-typical heart shape and one lesion of very characteristic longitudinal shape (Figure 1A), which strongly suggested ectopic tissue. In US, all the lesions were solid, hypoechoic, and heterogeneous with bright internal echoes (Figures 1–4). In all lesions, linear bright echoes were present, while punctual echoes were observed in 6 lesions only. The number of bright echoes varied, from numerous to only a few (3–4) echoes. In 6 lesions, the bright echoes were located in the middle of the lesion, with a hypoechoic margin (Figure 1A), while in the remaining 9 lesions they were scattered, in 7 cases unevenly (Figures 2A, 3A). Among IET cases, 73% (8/11) had well or very well-defined margins and only 3 lesions had blurred margins (27%) (Figure 4A). All extrathyroidal lesions had well-defined margins (Figure 1D). In 6 of the IET nodules, blood flow in power Doppler (PD) evaluation was decreased, and in the remaining 5 IET cases no blood flow was observed (Table 2). All extrathyroidal lesions had decreased blood flow in PD (Table 2). In all cases, the EET resembled an US appearance of a normal thymus, which was present in a normal location in every patient (Figure 1C).
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FIGURE 1. Patient No. 3 (Table 1). (A) A longitudinal intrathyroid ectopic thymus (IET) of the left thyroid lobe; (B) Elastography of the IET; (C) Normal thymus in physiologic location; (D) Extrathyroid ectopic thymus below the right thyroid lobe.
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FIGURE 2. Patient No. 2 (Table 1). (A) Intrathyroid ectopic thymus (IET) with well-defined margins in the right thyroid lobe; (B) Elastography of the IET; (C) Cytological smear shows numerous small lymphocytes with scattered epithelioid cells (hematoxylin-eosin staining; light microscopy, magnification × 80).
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FIGURE 3. Patient No. 6 (Table 1). (A) Intrathyroid ectopic thymus (IET) in the right thyroid lobe; (B) Elastography of the IET; (C) Cytological smear shows numerous small lymphocytes with scattered epithelioid cells (hematoxylin-eosin staining; light microscopy, magnification × 80).
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FIGURE 4. Patient No. 3 (Table 1). (A) Intrathyroid ectopic thymus (IET) with blurred margins in the right thyroid lobe; (B) Elastography of the IET; (C) Cytological smear shows numerous small lymphocytes with scattered epithelioid cells (hematoxylin-eosin staining; light microscopy, magnification × 80).





Elastographic Features

In strain elastography of IET lesions, the SR was similar in all lesions, and its value ranged from 0.95 to 1.09, mean 1.02 (Table 2, Figures 1B, 2B, 3B, 4B), thus the stiffness of IET was comparable to adjacent thyroid tissue.



Cytomorphological Features

The cytology findings included lymphoid cells that were usually numerous, always with a predominance of small lymphocytes with scattered epithelioid cells (Figures 2C, 3C, 4C). None of the smears included thyroid follicular cells, macrophages, histiocytes or other cell types (e.g., eosinophils and plasma cells). The absence of lymphocytes of different stages of differentiation, macrophages and other cells typically occurring in lymph nodes allowed for differentiation with lymph nodes or other lymphatic tissues. The absence of thyroid follicular cells, oncotic cells, histiocytes, macrophages and plasma cells allowed us to cytologically exclude autoimmune thyroiditis. In all cases, the material was sufficient for cytological analysis and a cytological confirmation of ET was possible.




DISCUSSION

In children, finding of a pathological lesion in the thyroid or in another cervical location always arouses diagnostic alertness. Many extrathyroidal lesions on a child's neck are reactive lymph nodes that only require observation. However, thyroid nodules other than pure cysts and every cervical mass with suspicious US features require further accurate diagnosis to exclude malignancy.

There are a few reports on the prevalence and ultrasound characteristics of IET, which were carried out on large groups of patients, but the presence of IET was confirmed in them only on the basis of US imagery without cytological evaluation (4, 5). In many reports on the US characteristics of ET, cytological evaluation was not performed although the number of analyzed lesions was similar or even lower than ours (3, 9, 10). This approach involves the potentially high risk of misdiagnosis of children with suspicious thyroid lesions, some of which can be malignant. Reports in which IET suspicion was confirmed cytologically include small groups of patients with a dozen or so (2–15 subjects) IET lesions analyzed (6, 11–13). The group presented in this study is therefore one of the largest with cytological IET confirmation described so far. To the best of our knowledge, this is the first study in which elastography was used in the diagnosis of IET, and the first study that demonstrated the usefulness of this method in the initial evaluation of IET-like lesions. We have shown that the stiffness of IET tissue is similar to the stiffness of the surrounding healthy thyroid tissue (mean SR 1.02). This is of great importance in the differentiation of IET and PTC, since PTC is known to be significantly stiffer than thyroid tissue (14). Follicular cancer, which is often soft in elastography and different in US pattern, is extremely rare in children. The usefulness of elastography is therefore even greater, because it can be assumed that a US IET-like lesion with stiffness similar to the thyroid tissue is actually IET. If the stiffness of the lesion is greater than the surrounding thyroid tissue, we should suspect PTC, even if the US pattern of the lesion resembles IET.

The US differential diagnosis between IET and suspicious thyroid nodules is challenging. Children with hypoechoic nodules with microcalcification-like echoes are often referred for surgery due to strong suspicion of malignancy.

In our study, the analyzed IET cases were located mostly in the middle part of the thyroid lobe (7 lesions) and less frequently in the lower part (4 lesions). In nearly half of the patients with IET, lesions were bilateral. Most extrathyroidal lesions were located directly below the right lobe. These observations are not fully consistent with previously published ones, because IET locations described by other authors varied. Bang et al. (11) found all 15 IET lesions in the inferior part of the thyroid lobe and IET was bilateral only in four patients. Similarly, all eight IET lesions described by Escobar et al. (6) were located in the inferior part of the thyroid, but strangely no subject had bilateral lesions. On the contrary, Kabaalioğlu et al. (4) reported a similar occurrence of IET in the middle and lower parts of the thyroid lobes. Interestingly, among 14 cases, only two IET cases were bilateral (4). Kim et al. (3) reported four IET cases in the middle part of the thyroid lobe while the remaining 8 IET cases were in the inferior part. Bilateral IET was observed in 3 cases (3). The predominance of IET occurrence in the middle part of the thyroid lobe was observed by Yildiz et al. (10), who reported 11 IET cases, among which 10 were located in the middle part and one in the inferior part of the lobe. Once again, none of the IET cases were bilateral (10). In two of 12 children with IET described by Frates et al. (12), the lesions were bilateral, and—interestingly—one of the lesions was located in the upper part of the thyroid. Comparing our observations and other authors' findings, it is clearly visible that IET is located in the middle or in the inferior part of the thyroid lobe, and extremely rarely it occurs in the upper part. However, it is a surprising issue that some of the authors did not observe the existence of bilateral IET (6, 10). Even when considering all our ET lesions together (extra-and intrathyroidal), the frequency of bilateral and unilateral ET occurrence is similar in our group. Perhaps this discrepancy is due to the fact that some very small lesions, located in the inferior pole of the thyroid lobes, were difficult to visualize and may have been neglected in other studies. The age does not seem to be decisive for the frequency of bilateral IET, as in our group the patients with bilateral lesions were 4–7 years old, similarly as in other authors' reports (4–9 years) (4), while in much younger children no bilateral IET cases were reported (11). It seems, therefore, that at least until the onset of puberty when the physiological process of thymic involution begins, the age does not affect the incidence and location of IET.

In US, most of our analyzed IET lesions were fusiform or ovular in shape, and one lesion had a very characteristic longitudinal shape which strongly suggested ectopic tissue rather than thyroid nodule. All the lesions were solid, hypoechoic, and heterogeneous with bright internal punctual or linear echoes. Generally, linear echoes are easier to differentiate from microcalcifications while punctual ones can look exactly like microcalcifications. It is known that both bright echoes in ET and microcalcifications in thyroid nodules are not evenly distributed within the lesions and can occur at one (in IET mainly central) or more parts of the lesion or can be scattered unevenly.

Most of ETs typically have well-defined margins, but sometimes the margins can be blurred or irregular, which can additionally suggest malignancy. Blood flow in PD is known to be decreased or absent. Our observations are similar to other authors' findings (3–6, 9–13). In our group, IET cases were hypovascular or no vascularity was visible on PD. Yildiz et al (9, 10) reported a group of patients in whom a few lesions were isovascular comparing to the thyroid parenchyma. Unfortunately, most authors did not report IET-related vascularity at all.

In our analyzed group of children, and in other described cohorts (5), the prevalence of IET was higher in males than females, although a few authors reported higher frequency in females (3). The mean age was also similar to those reported by other authors (3–6, 9–13). The largest dimension of ET lesion in or group was 4–18 mm, while other authors reported ET size from 3 to 33 mm (3, 4, 6, 11, 12). The largest ET dimensions were reported by Bang et al. (11), and in this group half of the patients were younger than 1 year old. In older children the size of ET was smaller but still very diverse (3–27 mm) and did not seem to depend on the age of the child at the time of diagnosis (3, 4, 6, 12). In all our cases, the ET tissue was similar in the US pattern to the normal descended thymus which was visible in every subject.

It is known that the IET tissue actually resembles the US pattern of papillary carcinoma and EET mimics metastatic lymph nodes. Distinguishing the suspicious thyroid nodule from IET in US requires a lot of experience. The lack of visible metastatic lymph nodes, which are typically present in children with PTC, cannot be used to exclude malignancy. Punctual bright internal echoes in ET are virtually impossible to differentiate from microcalcifications in US. In ET with linear bright echoes, such differentiation is possible, but only if a very experienced sonographer is available. However, in pediatric patients with hypoechoic thyroid nodule containing bright internal echoes resembling microcalcifications, the exclusion of malignancy cannot be based only on US examination. In our study, the usefulness of elastography in the differential diagnosis of IET and PTC has been demonstrated, but this method still does not provide a definitive diagnosis. Clinicians and radiologists should be aware of typical locations, US patterns and elastography features of ET, so as not to trigger unnecessary anxiety in the patient and his/her parents, and not to suggest the presence of PTC and unnecessarily refer to surgery. However, due to the high risk of cancer in thyroid nodules in children (1, 2), one should not determine the diagnosis only on the US image, neglecting further evaluation. It seems that such an approach can be recommended only when the US evaluation is done by a very experienced ultrasonographer, as there is a possibility of regular US monitoring, and—at the same time—there are contraindications to FNAB, resulting—for example—from contraindications to even short-term sedation in a very young child. One should always remember that ET and PTC may look similar. Moreover, it should be underlined that rare cases of thymoma, thymic carcinoma and lymphoblastic lymphoma arising from ET were reported (4, 15–18). Therefore, whenever possible, the diagnosis of cervical ET should be confirmed cytologically, although it may be difficult to aspirate diagnostic material from ET. Only cytological confirmation ensures that the evaluated lesion is a benign ET that requires simple periodical US monitoring. There are known cases when thyroidectomy was performed due to the lack of diagnostic material from FNAB in IET with suspicious US findings (19).

In conclusion, despite the low prevalence of IET and cervical EET, clinicians and radiologists should be aware of US characteristics of such lesions and of the necessity of confirmation of their benign character. Elastography is a useful tool to initially differentiate PTC and IET. However, due to the high risk of malignancy in thyroid lesions in children, similarity of US features of PTC and IET, and because of the possibility of malignancy in ET, only cytological evaluation provides definitive diagnosis and prevents, on one hand, unnecessary frequent diagnostic procedures and/or surgery and, on the other hand, missing malignant lesions.
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6.85
3.00
6.85
3.00
3.19

Combined OR

20.21

13.27

11.18

9.45

8.62

8.69

763

Combined OR 95% CI

10.37-39.37

3.75-46.99

6.33-19.76

4.71-18.95

4.81-15.46

4.99-15.14

3.26-17.86

Malignant if

3,4
1
1
2,1,0
3.4, 3, 4), @),

Malignant, n True (+)

75 (60)

19 (16)

96 (65)

51(38)

76 (52)

94(61)

31(29)





OPS/images/fendo-09-00746/fendo-09-00746-t001.jpg
MRI features Normal thyroid Diffuse thyroid

parenchyma (n = 10) disease (n = 2)
StonTiWi
iso- 10(100) 2(100)

Low 00 0(0)

slightly high 000 0(0)

High 0(0) 0(0)

iso- 1(10) 0()

Low 0(0) 0(0)

slightly high 9(00) 1(50)

High 0(0) 1(50)

Homogeneous 10 (100) 1(50)

Inhomogeneous 00 1(50)
Normal 10(100) 1(50)
Increased 0(0) 160
Decreased 0(0) 0(0)
Smooth 10(100) 1(80)
Lobulated 00 1(60)
iso- 00 0()
Decreased 0(0) 0(0)
Increased 10(100) 2(100)
Homogeneous 10(100) 1(50)
Inhomogeneous 0 1(50)

Data presented in parentheses are percentage of each item. MRI, magnetic resonance
imaging; S, signal intensity; W, weighted image; AP, anteroposterior:
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TIRADS-B-mode Combination
B-mode+Sonoelastography

Number of Number of Malignancy ~ Number of Number of Malignancy
nodules (1 = 255) malignant nodules  risk (%) nodules  malignant nodules  risk (%)
(n=94)

TIRADS 3 64 4 6.25 0 0
Composition >50%Solid/Solid 55 3 545 o 0 x
Tall/wide 6 1 16.67 0 0 x
“Halo” pattern 3 0 0 o 0 x
partial/no

TIRADS 4 94 24 25.53 M 14 34.14
Markedly hypoechoic 20 8 40 12 6 50
Microcalcifications 53 12 2264 21 5 23.81
Capsuleinfitration; deformation 18 4 22.22 6 3 50
Macrocalcifications. 3 o o 2 o o

TIRADS 5 97 65 67.01 75 60 80

Table does not include 50 tumors (including 5 malignancy) Asteria 4 scores, which were qualified into TIRADS 4 category as a single high risk feature.
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Malignant (%)
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23 (42.59)
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Malignant (%)

28 (46.67)
11(73.33)
36 (43.90)
26 (7027)
25 (38.46)
19 (57.58)
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36 (41.38)
31(57.41)
21 (75.00)

p-value

0.098
0.408
0.284
0.592
0.993
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0.241
0.079
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Benign lesions 207
Nodular hyperplasia 181
Adenoma 18
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Papilary carcinoma 81
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Follicular carcinoma 9
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Microcalcifications

Makrocalcifications
=Present

O=Absent

Color doppler pattern
3=Mixed

—Central

1=Peripheral

O=Absent

Thyroid capsule

—Infitration
1=Deformation
0=Not disturb
“Halo” pattern
=Partial/No

1=Yes
Asteria scale
4

3
2
1

Malignant
lesion (%)

68 (38.20)
30 (26.32)
0(0.00)
muscles)
28 (65.12)
16 (37.21)
54 (24.66)

thyroid)
85 (39.35)
9(12.16)
4(26.67)

65 (67.01)
33(15.87)

67 (38.51)
31 (23.66)

63 (52.94)
35 (18.82)

38(51.35)
60 (25.97)

55 (33.95)
11 (28.95)
26 (27.96)
6 (50.00)

12 (92.:31)
25 (43.86)
61(25.96)

93 (36.47)
5(10.00)

44 (66.67)
35 (35.00)
16 (14.16)
3(1154)

Benign
lesion (%)

110 (61.80)
84(73.68)
18 (100.00)

15(34.88)
27 (62.79)
165 (75.34)

131 (60.65)
65 (87.84)
11(73.33)

32 (32.99)
175 (84.13)

107 (61.49)
100 (76.34)

56 (47.06)
151 (81.18)

36 (48.65)
171 (74.08)

107 (66.05)
27 (71.05)
67 (72.04)
6(50.00)

1(7.69)
32 (56.14)
174 (74.04)

162 (63.53)
45(90.00)

22(33.33)
65 (65.00)
o7 (85.84)
23 (88.46)

p-value

0.004

<0.001

<0.001

<0.001

0.006

<0.001

<0.001

0.404

<0.001

<0.001

<0.001
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Margins

Markedly hypoechoic
Microcalcifications
Thyroid capsule infiration
Macrocalcifications
Asteria scale

“Halo” pattern
Composition (solic)
Tal/wide

Youden index

051
021
037
0.22
0.21
0.34
0.17
0.16
017

Sensi

66.33
28.67
64.29
37.76
38.78
44.90
94.90
69.39
68.37

ity (%)

95% CI (sensitivity)

56.51-74.91
20.57-38.19
54.43-73.07
28.79-47.64
20.73-48.67
35.43-64.75
88.61-97.80
59.68-77.64
58.62-76.73

Specificity (%)

84.54
92.76
72.95
84.06
82.61
89.37
21.74
46.86
48.31

95% CI (speci

78.99-88,83
88.39-96.56
66.52-78.54
78.46-88.42
76.86-87.17
84.43-92.88
16.66-27.85
40.18-63.65
41.59-55.09

ity) PPV (%)

67.01
65.12
52.94
52.86
51.356
66.67
36.47
38.20
38.51

95% CI (PPV)

57.16-75.56
60.17-77.58
44.02-61.68
41.32-64.10
40.18-62.39
54.66-76.84
30.80-42.54
31.38-46.52
31.60-45.91

NPV (%)

84.13
73.28
81.18
74.04
74.03
77.41
90.00
76.38
76.34

95% CI (NPV)

78.56-88.47
67.62-78.28
74.96-86.15
68.08-79.23
68.01-79.26
71.69-82.25
78.64-96.65
68.28-82.92
68.37-82.80

Sum

302.01
259.72
271.36
248.71
246.76
278.34
243.11
230.83
231.52
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aggressive PTC. |, down-regulated in aggressive PTC. *, related with aggressive features.
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Choietal. (35) SouthKorea SR 1/2090fPTC B ot
Parketal (35) SouthKorea SP 1/04of PTG BC ot
Choietal.(37) SouthKorea SR 1/7220fPTC B 1”1
Lecetal (30)  SouthKorea SR 8/5680fPTC B %]

Criteria category: A: poorly defined margin with heterogeneous echogenicity in acjacent fat
ormuscle or tumor invasion nto the lumen; B: focal bulging out or disruption of the thyroid
capsule by tumor or more than 25% of perimeter of the tumor was abutting the thyroid
capsule; C, tumor diameter. S single center prospective; SR, single center retrospective;
PTC, papillary thyroid carcinoma; US, ultrasound.
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References Country  Study Patients Criteria  Compartment  SE (%) SP (%) PPV (%) NPV (%) AC (%)

Shimamotoetal. (26)  Japan SR 49N1of 77 PTC AB  CINM/LINM 867 893 8.7 446 558
Jeong et al. (35) SouthKorea ~ SP 46 positive LNs of 312 LNs A CINMLINM 536 979 737 9% N/A
Kim etal. (41) SouthKorea SR 53 N1 of 165 PTC A CLNM 38 93 7 70 7
LLNM 64 % 83 82 82
Sugitani et al. (42) Japan SP 263Niof361PTC A CLNM 29 91 82 473 483
LLNM 100 0 98 0 98
Ahnetal. (36) SouthKorea SR 117 positive levels of 183 A CLNM 55 69 77 44 60
cervical level
LLNM 62 79 84 55 68
Choi et al. (43) SouthKorea SR 119 N1 of 299 PTC AB  CLNM 582 798 608 743 699
LLNM 99 25 9.9 25 88.7
Parket al. (44) SouthKorea SR 34 N1 of 94 PTC A CLNM 226 986 875 745 701
LLNM 762 75 727 783 756
Choi et al. (45) SouthKorea SR 238 N1 of 689 PTC A CINM 472 948 904 635 706
LLNM 69.1 948 576 9.8 9.4
Lee et al. (46) Japan SR 254 positive LNs of 331 LNs A CLNM, LLNM 78 99 9.5 58 83
Hwang et al. (47) UsA SR 30N1of68PTC AB  CLNM 30 8.8 643 61.1 N/A
LLNM 93.8 80 765 94.1 NA
Lee etal. (48) SouthKorea SR 121 N1 of 252 PTC A CLNM 23 o7 81 72 73
LLNM 70 84 81 74 7
Yoo etal. (49) SouthKorea SR 51 positive LNs of 124 LNs A CLNM 764 699 639 81 726
Lesnik et al. (50) USA sP 162PTC AB  CLNM 2 95 78 66 NA
LLNM 79 87 80 86 N/A
Leeetal. (51) SouthKorea SR 136 N1 of 368 PTC A UNM 39 88.4 66.3 7.2 704
44 N1 of 48 PTC LLNM 955 25 933 33.3 8.6
Khokhar et al. (52) USA SR 104N1of227 PTC AB  CLNM 375 902 765 63.1 66.1

Criteria category: A: heterogeneous inner structure, loss of fatty hium, rounded shape, tallr-than-wide shape, cystic changes, microcalcifications, and peripheral vascularity; B: Lymph
node size >6mm, or 8mm, or 1cm; SR, single center retrospective; SF, single prospective; LN, lymph node; PTG, papillry thyroid carcinoma; CLNM, central ymph node metastasis;
LLNM, lateral lymph node metastasis; SE, sensitiity; SP. specificity; PPV, positive predictive value; NPV, negative predictive value; AS: accuracy; N/A, not available.
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Author (year): Kim et al. (42) Us:A CLNM 38 93 77 70 7
Country: South Korea LLNM 61 @ 8 & 8
Type: SR
Patient: 53 N1 of 165 PTC ore O © ot I I I
LLNM 74 % 89 8 87
US+CT:AC CLNM 54 84 68 74 72
LLNM 77 91 84 87 86
Author (year): Ahn et al. (35) Us:A CLNM 55 69 77 a4 60
Country: South Korea LLNM 6 79 81 55 68
Type: SR §
Patient: 117 of 183 cervical levels cro CLNM I a“ ? a 64
LLNM 77 70 81 64 74
Author (year): Choi et al. (43) Us:AB CLNM 532 798 60.8 743 69.9
Country: South Korea LLNM 93.9 2 9.9 25 88.7
Type: SR §
Pationt: 110 ol 290 PTG CT.C CLNM 66.7 793 655 80.1 746
LLNM 81.7 100 100 308 83.1
US+CT:AB,C CLNM 73 702 59.1 815 712
LLNM 95.9 25 94 333 90.6
Author (year): Lee et al. (45) Us:A CLNM 23 o7 81 72 73
Country: South Korea LLNM 70 84 81 74 77
Type: SR y
Patient: 121 N1 of 252 PTC cr8 CLNM 4 © © I I
LLNM 82 64 69 78 73
US+CT:AB CLNM 46 88 65 77 74
LLNM 88 61 69 83 74
Author (year): Lesnik et al. (50) Us:AB GLNM 26 9% 78 6 N/A
Country: USA LLNM 79 87 80 86 N/A
Type: SP y
Puliont: 62 1T6 CECD CLNM 50 94 8 74 N/A
LLNM 79 8 76 86 N/A
US+CT:AB,C.D CLNM 54 89 77 7% N/A
LLNM o7 7 74 %8 N/A

US criteria category: A: heterogeneous inner structure, loss of fatty hilum, rounded shape, taller-than-wide shape, cystic changes, microcalcifications, and peripheral vascularty; B:
Lymph node size <1 cm; CT criteria category: C: round shape, calification, cystic or necrotic change, heterogeneous enhancement, and strong enhancement without hilar vessel
enhancement; D: Short axis >1cm in axial plane; SR, single center retrospective; SF, single prospective; PTC, papillary thyroid carcinoma; US, ultrasound; CT, computed tomography;
LM, central lymph node metastasis; LLNM, lateral lymph node metastasis; SE, sensitivity; SP. specificity; PPV, positive predictive value; NPV, negative predictive value; AS, accurecy;
N/A, not available.
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Country

Japan
Italy

USA
Slovenia
Italy

South Korea
South Korea
Denmark
South Korea
Austria
South Korea
Italy

South Korea

No. of patients

259
403
900
254
445
551
283
406

2014
1391

5656
437

8676

Gross ETE (n, %)

NA
NA
NA
NA
NA

400.7)
0
NA
18 (09
NA
2103.7)
0
o

Clinical LN (n, %)

24(0.8)
N/A
131 (14.6)
51(20.1)
3783
0
10(3.5)
N/A
NA
N/A
N/A
0
o

RAI (n, %)

NA
260 (60.5)
155 (17)
124 (49)
380 (87.4)
444 (80.6)
114.(39.6)
161(40)
51(2.5)
255 (18.3)
NA
152 (38.7)
3,863 (44.5)

FU (years)

51
85
172
a7
53
34
6
8
1.2
7
5.1
58
5.4

TR (n, %)

623
6(1.5)
51(5.7)
7@7)
17(3.8)
102)
12(4.2)
15(3.7)
126(6.3)
50.4)
126(2.2)
6(1.4)
139(1.6)

ETE, extrathyroidal extension; LN, lymph node; RAI, radioactive iodine; FU, follow up; TR, total recurrence; LNR, lymph node recurrence; N/A, not available.

LNR (n, %)

5(1.9)
102)
36(4)
6(2.4)
13(2.9)
0
72.4)
7(.7)
98(4.9)
5(0.4)
1222.2)
30.7)
106 (1.2)
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Case

9

Age

6mo
Syr

7yr

ayr
10yr
ayr
Syr

11yr

Byr

Gender

n

n

n

Y]

M

No of lesions in one child

1

Location

EET below RL
RL inferior part
LL middle part
RL middle part
LL middle part
EET below the RL.
AL middle part
EET below RL
AL middle part
RL inferior part
AL middle part
LL inferior part
LL inferior part
EET below RL
EET below LL
RL middle part

Size (mm)

12x8x 18
RL:5x4x5
W:65x2x%x5
RL:5x2x6

W11 x2x12
Below RL: 10 x 5 x 12
RL:4x2x6
BelowRL:5 x 4 x 7
6x2x7

RL inferior: 3 x 2 x 4
RL middle: 7 x 8 x 6
W:5x6x11
7x6x14
Below RL: 9 x 9 x 17
Below LL: 7 x 13 x 16
6x4x7

Bilateral

No

Yes

Yes

No

Yes

Yes

No

EET, extrathyroidal ectopic thymus; F, female; IET, intrathyroidal ectopic thymus; LL, left lobe; M, male; mo, months; RL, right lobe; yr, years.
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No relapse Relapse
N=51 N=18
Sex (F/IM) F 41(80%) 15 (83%)
M 10 (20%) 3(17%)
Age (years) 51+ 18 47+ 13
BMI (kg/m?) 2442 2328
Treatment time 20(18-22) 19 (18-21)
(months)
Follow-up after ATD 11(3.9-28) 1(05-12)
withdrawal (months)
Thyroid volume by 14 (11-16) 15 (9.8-17)
sonography (mL)
Goiter size (struma 0 24 (56%) 9(60%)
grade, 0-lll)
1 10 (23%) 5(33%)
[l 8(19%) 1(7%)
] 1% 0(0%)
Missing 8 3
Orbitopathy 13 (25%) 7(39%)
Smoking 8(16%) 1(6%)
T4 (M) 30 (21-36) 38 (21-65)
T3 (pM) 35(@3-43  29(287.1)
TPO-AK (U/L) 91 (34-454) 163 (90-357)
TRADb (U/L) 5.2 (2.6-11) 12 (3.6-27)
Additional autoimmune  GIT (IBD, celiac 1 1
diseases disease,
pernicious
anemia)
Type | Diabetes 1 o
melitus.
Other 1 0

Data presented as counts (percentages), mean (< stenderd deviation), or median
(interquartie range). ATD, anti-thyroid drugs; GIT, gastrointestinel tract; IBD, inflammatory

bowel disease; pM, pmol/L..
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No Size (mm)

] 5x4x5
2 6x2x5
3 5x2x6
4 11x2x12
5 4x2x6
6 6x2x7
7 3x2x4
8 7x3x6
9 5x6x 11
10 7x6x14
1 6x4x7
12 12x8x18
13 7x4x5
14 10x 56 x 12
15 9x9x 17
16 7x 13 x 16

Shape

Heart

Fusiform

Fusiform

Longitudinal

Fusiform

Oval

Oval

Fusiform

Oval

Oval

Oval

Oval

Triangular

Triangular

Oval

Oval

Internal echoes

Afew linear bright echoes in the middle,
hypoechoic margin

A few linear bright echoes in the middle,
hypoechoic margin

Numerous punctual and finear bright
internal echoes scattered unevenly
Numerous punctual and finear bright
internal echoes scattered mainly in the
medial part

Several punctual and linear bright internal
echoes scattered unevenly

Three linear bright internal echoes in the
middle, hypoechoic margin

Very few linear bright internal echoes in the
middle, hypoechoic margin

A few linear bright internal echoes in the
middle, hypoechoic margin

A few linear bright internal echoes
scattered mainly in the middle, hypoechoic
margin

Several punctual and linear bright internal
echoes scattered unevenly

Afew scattered linear bright internal
echoes

Afew linear bright echoes scattered
unevenly

Afew punctual and finear bright interal
echoes scattered unevenly

Several punctual and linear bright internal
echoes scattered unevenly

Several linear bright internal echoes
scattered quite unevenly

Several linear bright internal echoes
scattered quite evenly

Margins

Well-defined
Very
well-defined
Blurred

Very
well-defined

Well-defined

Well-defined

Blurred

Well-defined

Well-defined

Well-defined

Blurred

Well-defined

Very
well-defined
Very
well-defined
Very
well-defined
Very
well-defined

Vascularity

low

low

low

low

low

no

low

low

low

low

low

low

low

SR

097

1.09

1.06

0.95

0.96

1.06

0.99

1.09

1.01

097

1.03

NA

NA

NA

NA

NA

Elastography ~ Cytology

Typical for thymus
Typical for thymus
Typical for thymus

Typical for thymus

Typical for thymus
Typical for thymus
Typical for thymus
Typical for thymus

Typical for thymus

Typical for thymus
Typical for thymus
Typical for thymus
Typical for thymus
Typical for thymus
Typical for thymus

Typical for thymus

Lesions are presented according to the location: first 11 lesions are IET, second 5 lesions are EET.
EET, extrathyroidal ectopic thymus; LL, left lobe; NA, not applicable; RL, right lobe; SR, strain ratio.
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References

Shimamoto et al. (26)
Tomoda et al. (27)
Kwak et al. (28)

Kim et al. (29)

Lee etal. (30)
Leeetal. (31)

Moon et al. (32)
Kamaya et al. (33)

Country

Japan
Japan
South Korea
South Korea
South Korea
South Korea
South Korea
USA

Study

SR
SR
SR
SR
SR
SR
SR
SR

Patients Criteria
35 of 77 with ETE (minimal and gross) A

13 of 509 with Ti c
89 of 221 with ETE (N/A) A
67 of 75 with ETE (minimal and gross) ACD
174 of 877 with ETE (WA) A
275 of 568 with ETE (minimal and gross) A
26 of 105 with EFI 3

16 of 62 with ETE (minimal and gross) AB

SE (%)

80
o1
66.2
785
66.1
833
46.2
26

SP (%)

738
3
81.8
795
66.1
68.9
975
3

PPV (%)

7.8
25
70.7
48.8
722
716
85.7
57

NPV (%)

816
29
7T
94.1
58.3
815
846
78

AC (%)

76.6
a3
N/A
793
N/A
759
84.8
N/A

Criteria category: A: focal bulging out or disruption of the thyroid capsule by tumor or more than 25% of perimeter of the tumor was abutting the thyroid capsule; B: vessels extending to
or from the nodule were seen beyond the capsule on either color or power Doppler images; C: the absence of a clear acventita, dilatation of the cartiage space or tumor extension into
the space, or iregularity of the tracheal mucose; D loss of normal esophegeal layer by tumor, the tumor was in contact with 180° or more of the circumference of the vessel and tumor

invasion into the vessels lumen or a tumor occupying the tracheal esophageal groove;

 the loss of echo-genic perithyroidal fat tissue by tumor. SR, single center retrospective; ETE,

extrathyroidal extension; Tl, trachea invasion; EF, extrathyroidal fat invasion; SE, sensitivity; SP. specificity; PPV, positive predictive value; NPV, negative predictive value; AS, accuracy;

N/A, not available.
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Comparison models Unadjusted estimates. Adjusted estimates

OR (95%Cl) P-values OR (95%Cl) P-values

Allele model 1.12(0.97-1.29) 0.108 1.13(0.98-1.31) 0008
Dominant model 1.05 (0.85-1.30) 0668 1.04 (0.84-1.30) 0714
Recessive model 1.36(1.06-1.75) 0019 140 (1.07-1.81) 0012
Homozygous model 1.15(0.99-1.39) 0060 1.16 (1.1-1.35) 0.050
Additive model 0.96 (0.76-1.20) 0.720 094 (0.75-1.19) 0618
Alele model 1.10(0.95-1.28) 0.183 1.12(0.98-1.28) 0256
Dominant model 1.03 (0.83-1.26) 0810 1.03 (0.88-1.27) 0807
Recessive model 1.33(1.00-1.78) 0048 182 (0.99-1.77) 0063
Homozygous model 1.15(0.99-1.35) 0070 1.15 (0.99-1.35) 0075
Additive model 097 (0.78-1.21) 0.794 098 (0.79-1.22) 0863
Allele model 1,04 (0.82-1.32) 0709 1.02 (081-1.28) 0857
Dominant model 1.04(0.65-1.60) 0728 1.02 (0.80-1.30) 0879
Recessive model 1.13 (0.39-3.26) 0826 1.10(0.37-3.29) 0863
Alele model 1.04(0.83-1.30) 0716 1.02(0.81-1.28) 0888
Dominant model 1.03(0.82-1.31) 0787 1.00(0.79-1.28) 0973
Recessive model 1.35 (0.44-4.15) 0596 1.36 (0.44-4.24) 0.507

Allele model = G vs. C; Dominant model = (GG+GC) vs. CC; Recessive model = GG vs. (GC+CC); Homozygous model = GG vs. CC; Addltive model = GC vs. CC. Bold represents
apositive P value.
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SNPs

152915863

rs2569190

rs2569192

rs2563298

Primer

Forward Primer- TCTCAAAGTGCTGGGATTACAG
Reverse Primer- AAATACAAAATTAGCCGGGTGTAG
Forward Primer- CCTCTGTGAACCCTGATCACCTCC
Reverse Primer- CGCCTGAGTCATCAGGACACTGC
Forward Primer- ACTCACAGCTTGATTCAACAAATG
Reverse Primer- TTGGTTTCTCTTC AAGAGCC
Forward Primer- GATAGGGTTTCTTAGGGAGTTAGG
Reverse Primer- AATAATGAATGGACTCAAACTGCC
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AITDs (%)

Number 847
GENDER

Female 639 (75.44)

Male 208 (24.56)
Age 41.87 +14.53
Ophthalmopathy (+) 86(10.15)
Family history (+) 162 (19.13)

GD (%) HT (%)

502 325
363 (69.54) 276 (84.92)
159 (30.46) 49 (15.08)
41.39 £ 14.79 42.60 £+ 14.06
83 (15.90) 3(092)
108 (20.69) 54(16.62)

AITDs, autoimmune thyroid diseases; GD, Graves’ disease; HT, Hashimoto's thyroiditis.
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SNP

rs2915863

rs2569190

rs2569192

rs2563298

AITDs, autoimmune thyroid diseases; GD, Graves’ disease; HT, Hashimoto’s thyroiditis; NC, Normal Controls. Bold represents a positive P value.

Genotype
or allele

cC
TC
T

AA
AG
GG
A
G
GG
CG
cC
G
c
CcC
AC

AA
(9
A

NC
n (%)

205 (31.47)
370 (51.75)
120 (16.78)
820 (57.34)
610 (42.66)
270 (37.76)
353 (49.37)
92 (12.87)
893 (62.45)
537 (37.55)
554 (77.48)
165 (21.68)

6(0.84)

1,263 (88.32)
167 (11.68)
552 (77.20)
158 (22.10)

5(0.70)

1,262 (88.25)

168 (11.75)

AITD
n (%)

258 (30.46)
407 (48.05)
182 (21.49)
923 (54.49)
771 (45.51)
311(36.72)
395 (46.64)
141 (16.65)

1,017 (60.04)
677 (39.96)
650 (76.74)
189 (22.31)

8(0.94)

1,489 (87.90)
205 (12.10)
649 (76.62)
190 (22.43)

8(0.94)

1,488 (87.84)

206 (12.16)

P-value

AITD vs. NC

0.080

0.109

0.109

0.168

0.929

0.716

0.956

0.841

GD
n (%)

153 (29.31)
244 (46.74)
125 (23.95)
550 (52.68)
494 (47.32)
178 (34.10)
250 (47.89)
94 (18.01)
606 (58.05)
438 (41.95)
396 (75.86)
122 (23.37)
4(0.77)
914 (87.55)
130 (12.45)
396 (75.86)
122 (23.37)
4(0.77)
914 (87.56)
130 (12.45)

P-value

GD vs. NC

0.007

0.021

0.038

0.027

0775

0.559

0.866

0.675

HT
n (%)

105 (32.31)
163 (50.15)
57(17.54)
373(57.38)
277 (42.62)
133 (40.92)
145 (44.62)
47 (14.46)
411 (63.29)
239 (36.77)
254 (78.15)
67 (20.2)
4(1.29)
575 (88.46)
75 (11.54)
253 (77.85)
68(20.92)
4(1.29)
574 (88.31)
76 (11.69)

P-value

HT vs. NC

0.889

0.986

0.358

0.732

0784

0.927

0.695

0.846
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SNP Genotype NC Female GD patients P-value GD with family history P-value

or allele
n (%) n (%) n (%)

152015863 cc 225 (31.47) 108 (29.75) 0,005 25 (23.16) 0024
T© 370 (51.75) 164 (45.18) 54(50.00)
™ 120 (16.78) 91(25.07) 29 (26.85)

820 (57.34) 307 (42.29) 0000 104 (48.15) 0011
T 610 (42.66) 419 (57.71) 112 (51.85)

rs2569190 AA 270 (37.76) 119 (32.78) 0.026 29 (26.85) 0.011
G 353 (49.37) 176 (48.48) 55 (50.99)
] 92 (12.87) 68 (18.79) 24(22.22)

A 893 (62.45) 414 (57.02) 0015 113 (52.31) 0004
G 537 (37.55) 312 (42.98) 103 (47.69)

AITDs, autoimmune thyroid diseases; GD, Graves’ disease; HT, Hashimoto’s thyroiditis; NC, Normal Controls.
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