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Background

Pediatric papillary thyroid cancer presents with a more advanced stage of disease than adult PTC; and it is more likely to be aggresive and distant metastases, although the survival rate is high.





Methods

A retrospective observational study was performed in children and adults with PTC. Fisher’s exact, chi-square, and rank-sum tests were used to examine the differences. Univariate and multivariate Cox regression analyses were applied to determine the possible risk factors for prognosis. A Kaplan-Meier curve analysis was performed to investigate the relationship between the clinicopathological characteristics and recurrence rate.





Results

The study involved 156 children and 1,244 adults with PTC. Compared to the group without recurrence, proportions of tumors measuring > 1 cm (48.3% vs. 90.9%) and multifocality (30.3% vs. 63.6%) were higher, N1b stage occurred more frequently (33.8% vs. 100%). However, among adult PTC patients, those with recurrence were older (76.1% vs. 59.4%) than those without recurrence. Risk factors for pediatric PTC recurrence included tumor size and multifocality. However, in adult PTC, the risk factor was LLNM. The newly constructed Stratification.N showed better performance, as illustrated by the fact that patients who were classified into Stratification.N 3 showed an obviously poorer prognosis (P=0.01 and P=0.00062), especially in those aged >14 years (P=0.0052).





Conclusion

Compared with adult PTC, pediatric PTC showed unique characteristics in terms of clinical pathology and recurrence. Tumor size and multifocality were strong risk factors for pediatric PTC. Accordingly, the novel proposed risk stratification method could effectively predict the recurrence of pediatric PTC.
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Highlights

	This study not only analyzed the pathological characteristics of pediatric PTC, but also analyzed the risk factors affecting the metastasis of central cervical lymph nodes, lateral cervical lymph nodes and recurrence in children. In pediatric PTC, younger age, male, larger tumor size, multifocality are more likely to metastasise to the cervical lymph nodes. A tumor size of >1 cm and multifocality are independent risk factors for the recurrence of pediatric PTC, whereas the independent risk factor for adult recurrence is only LLNM.

	Through direct comparison with adult PTC, this study found the differences of pathological characteristics and recurrence risk factor between pediatric PTC and adult PTC.

	A new risk stratification method for recurrence was developed, which can effectively predict the prognosis of pediatric PTC. The novel children’s RRS method based on tumor size and multifocality performed well in predicting pediatric PTC recurrence. This new method provides a quick and efficient tool for clinicians to evaluate the recurrence risk of patients with pediatric PTC in clinical practice and facilitate decision-making regarding appropriate treatment strategies.






1 Introduction

Thyroid cancer in childhood is rare, accounting for 1.5% to 3.0% of all childhood cancers. However, it has been reported that the incidence is increasing and is currently the second most common malignancy (1–3) Papillary thyroid cancer (PTC) is the most common thyroid cancer in both pediatric and adult patients. Compared with adult PTC, pediatric PTC has a higher rate of neck lymph node metastases and recurrence rates and has unique pathological features (2, 4, 5). Several studies (6–8) have shown that the biological behavior of pediatric PTC is more aggressive, and its prognosis appears to be worse. Current guidelines rarely differentiate between children and adults when stratifying the risk of recurrence of PTC (9). The aim of our study was to describe pediatric PTC and propose a framework for recurrence risk stratification (RRS) based on a comparative cohort of adults.




2 Materials and methods



2.1 Time frame, setting, and study design

A retrospective observational study was performed from June 2008 to December 2021. Children and adults who underwent surgical treatment for thyroid nodules at the Department of Thyroid Surgery, China-Japan Union Hospital, Jilin University were selected. A total of 156 children and young adults (≤20 years old) were selected. Accordingly, 1,244 adults with PTC aged > 20 years formed the adult cohort. This work has been reported in line with the STROCSS criteria (10).




2.2 Ethics

This study was approved by the Ethics Review Board of China-Japan Union Hospital (No. 20220804012). Informed consent was obtained from the participants or their guardians. The study was conducted in accordance with the Declaration of Helsinki.




2.3 Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) first thyroid surgery was performed in our department; (2) postoperative paraffin pathology showed a diagnosis of PTC; (3) complete follow-up data up to 2021.

The exclusion criteria were as follows: (1) patients with other malignancies; (2) lack of required relevant information.




2.4 Data collection

Data on patients’ basic demographic information (sex, age, body mass index, and family history), clinical presentation (tumor size, extrathyroidal extension [ETE], multifocality, localization, lymph node metastases, Hashimoto’s thyroiditis [HT], and nodal goiter [NG]), surgical data (type of surgery, the extent of lymph node dissection, and complications), postoperative paraffin pathology, and postoperative radioactive iodine administration (RAI) were collected. Recurrence rates were obtained from the hospital and outpatient clinic medical records database. Tumor stage and RRS were determined by experienced thyroid surgery physicians.




2.5 Surgical treatment

Pediatric patients with PTC were treated based on the American Thyroid Association (ATA) management guidelines. According to the ATA guidelines, bilateral total thyroidectomy is recommended for most children because of the increased incidence of bilaterality and multifocal disease in this population. However, in the study patients, lobectomy was only performed when the disease was obviously limited, such as in the case of an intrathyroidal lesion or when no bilaterality was noted on preoperative assessment. Prophylactic central compartment node dissection was regularly performed in all pediatric patients.




2.6 Postoperative management and follow-up

The follow-up period included the time between the date of surgery and the last clinical follow-up. Thyroid function tests (including serum T3, T4 and thyroid stimulating hormone [TSH], Tg and TgAbs), neck ultrasound, and computed tomography were performed in all included patients. Preoperative fine-needle aspiration cytology and postoperative pathological analyses were performed in the patients. All pediatric and adult patients were managed postoperatively according to the guidelines of ATA. RAI ablation was performed 4 to 6 weeks postoperatively, with dosing according to the guidelines of ATA. Whole body scans (WBS) were performed 5 to 7 days after RAI ablation in patients undergoing total thyroidectomy (TT). Thyroglobulin (Tg) and antithyroglobulin antibody (TgAb) concentrations were determined after TSH stimulation by T4 deprivation or recombinant human TSH before RAI ablation. All patients received L-thyroxine at suppressive doses and underwent physical examination, thyroid function tests, determination of Tg and TgAb concentrations, and neck ultrasound every 3 to 6 months and annually thereafter. In patients who showed signs of recurrence or distant metastasis at routine follow-up, additional imaging techniques, such as computed tomography, positron emission tomography, and/or RAI WBS, were used to determine the location and extent of the suspected recurrence.




2.7 Definitions

The tumor stages were defined according to the Eighth Edition of the American Joint Committee on Cancer. Recurrence was confirmed by structure recurrence, which performed for patients with biopsy-proven persistent or recurrent disease for central neck nodes more than 8 mm and lateral neck nodes more than 10 mm in the smallest dimension that can be localized on anatomic imaging after central and/or lateral neck dissection 1 year later. The RRS was determined based on the ATA’s 2015 management guidelines for pediatric and adult thyroid cancer. Individuals with a BMI greater than 24 but less than 29 were defined as overweight, and those with a BMI greater than 29 were defined as obese. The receiver operating characteristic (ROC) curve analysis was used to determine the optimal cut-off points for patients whose age was associated with the prediction of structural persistent/recurrent disease.

Multifocal papillary thyroid carcinoma (PTC) is defined as the presence of two or more clinically relevant nodules, either unilaterally or bilaterally within the thyroid gland, indicating the existence of two or more cancerous foci. The 2009 ATA Initial Risk Stratification System is recommended for DTC patients treated with thyroidectomy, based on its utility in predicting risk of disease recurrence and/or persistence. (Strong recommendation, Moderate-quality evidence). Low-risk patients were defined as having intrathyroidal DTC with no evidence of extrathyroidal extension, vascular invasion, or metastases. High risk patients had gross extrathyroidal extension, incomplete tumor resection, distant metastases, or inappropriate postoperative serum Tg values.




2.8 Statistical analysis

SPSS (version 22.0) software was used to analyze the data in the present study. Continuous variables were described as medians with interquartile ranges, and categorical variables were described as numbers with percentages. Fisher’s exact test, chi-square test, and rank sum test were used to determine the difference between the two groups. Univariate and multivariate Cox regression analyses were used to identify the risk factor of prognosis. The Kaplan–Meier curve analysis and ROC curve analysis were used to explore the relationship between clinical pathological features and tumor recurrence. Risk stratification was performed according to the factors related to disease-free survival. Hazard ratios [HR] with 95% confidence intervals [CI] were also estimated. Further, P<0.05, which is two-sided, was considered statistically significant.





3 Results



3.1 Demographic data

A total of 156 children and young adults (≤20 years old) were selected. Accordingly, 1,244 adult patients with PTC aged > 20 years formed the adult cohort. Demographic characteristics are summarized in Table S1. The median follow-up time for the child and adult cohorts was 142 weeks (range, 81.4~287.9 weeks) and 258.86 weeks (range, 57.29~606.71 weeks), respectively.




3.2 Unique clinical pathological features of pediatric papillary thyroid cancer

In this study, 156 patients with pediatric PTC were enrolled during the 2008–2021 period. At the 142-week follow-up (range, 81.4~287.9-week follow-up), 7.1% of them experienced a recurrence (Table 1). To explore the differential clinical pathological features within increasing diagnostic ages, patients with pediatric PTC were divided into the following two groups: those under 14 years in the younger group and those above 14 years in the older group. As shown in Table S2, the proportion of those with a tumor size > 1 cm was higher in the younger group (under 14 years) compared with the older group (73.1% vs. 46.9%, χ2 = 0.015, P=0.028). Further, the proportion of central cervical lymph node metastasis (CLNM) was higher (92.3% vs. 67.7%, χ2 = 6.483, P=0.011), with a higher T4 stage proportion (15.4% vs. 0.8%, Z=-2.956, P=0.003) in the younger pediatric PTC group. In addition, the recurrence rate was slightly higher in the younger pediatric PTC group than in the older group, although no obvious difference was observed (18.2% vs 17.2%, P=0.6). This suggests that the biological behavior of pediatric PTC in younger patients is more aggressive. In addition, the possible factors of CLNM were further analyzed. As illustrated in Table S3, a larger tumor size (63.4% vs. 20.5%, χ2 = 23.312, P<0.001), higher T stage (4.5% vs. 0%, Z=-3.286, P=0.001), higher N stage (50.9% vs. 6.8%, Z=-9.287, P<0.001), and higher RRS (44.6% vs. 6.8%, χ2 = 114.561, P<0.001) might be associated with CLNM. Similarly, except for the above factors, lateral cervical lymph node metastasis (LLNM) was still associated with multifocality (47.5% vs. 16.7%, χ2 = 3.875, P=0.049) (Table S4). The above data indicated the unique biological behaviors of pediatric PTC.


Table 1 | Baseline characteristics of papillary thyroid cancer in children (N=156).






3.3 Possible relative pathological features of recurrence differed between pediatric PTC and adult PTC

To explore the risk factors of recurrence, the patients were divided into the recurrent and non-recurrent groups. As shown in Table 2, individuals experiencing recurrence in the pediatric PTC group exhibited larger tumor diameters (90.9% vs. 48.3%, χ2 = 7.438, P=0.006), more multifocality (63.6% vs. 30.3%, P=0.03), a more bilateral shape (45.5% vs. 16.6%, P=0.032), a higher prevalence of lateral cervical lymph node metastasis (50% vs. 13.1%, P=0.019), and an elevated RRS (90.9% vs. 29.7%, Z=-3.757, P<0.001) compared with those who did not experience any recurrence. As this study aimed to investigate the different risk factors of recurrence between pediatric and adult PTC, another adult PTC cohort was formed (Table S1). As illustrated in Table 2, in adult PTC, factors, such as a older age (59.4% vs. 40.6%, χ2 = 4.718, P=0.03), CLNM (68.8% vs. 43.4%, χ2 = 8.129, P=0.004), and a higher LLNM (88.9% vs. 47.7%, χ2 = 11.768, P<0.001) were associated with tumor recurrence. These results suggest that the relative factors of recurrence between pediatric and adult PTC are not the same.


Table 2 | Clinicopathological characteristics of papillary thyroid cancer in recurrent and non-recurrent groups of children and adults.






3.4 Differential risk factors of recurrence between pediatric PTC and adult PTC

To explore the risk factors affecting recurrence in pediatric and adult PTC, a Cox regression analysis was performed (Table 3). According to the univariate and multivariate COX regression analyses, tumor size and multifocality were possible independent risk factors for pediatric PTC (Figures 1A, B). Compared to patients with a tumor size ≤ 1 cm, patients with a tumor size > 1 cm had a 11.2 times higher risk of recurrence. The risk of recurrence was 3.6 times higher in pediatric PTC patients with multifocality compared to those who had unifocal tumors. Moreover, based on the results of the multivariate analysis, Kaplan–Meier curves were plotted to explore the risk factors of pediatric PTC. As illustrated in Figure 1C, patients with a tumor size > 1 cm (HR =0.08, 95% CI: 0.01-0.66, P=0.0028) and multifocality (HR =4.02, 95% CI: 1.16–13.88, P=0.02) had poorer prognoses over time. The impact of other clinical and pathological characteristics was also analyzed by the Kaplan–Meier curve in pediatric PTC patients. As shown in Figure S1, patients with a more higher T stage had a larger risk of recurrence over time. However, regarding adult PTC, LLNM was an independent risk factor for recurrence (HR =5.231 (1.102–24.828), P=0.037). Furthermore, based on the clinical experience and clinical features, CLNM and LLNM were selected to plot the Kaplan–Meier curve. As shown in Figure 1D, patients with CLNM (HR =0.0003, 95% CI: 0.00–0, P=0.03) and LLNM (HR =0.0002, 95% CI: 0.00–0, P=0.04) had significantly poorer prognoses over time. Based on the above results, the clinical features affecting the prognosis of thyroid cancer differed between children and adults. Therefore, it is necessary to develop a new risk stratification method specifically for pediatric PTC.


Table 3 | Univariate/Multivariate COX regression analysis for prognosis of papillary thyroid cancer in children and adults.






Figure 1 | Recurrence-relative factors for children and adults. (A) Multivariate Cox regression analysis of pediatric papillary thyroid cancer (PTC); (B) multivariate Cox regression analysis of adult PTC; (C) Kaplan−Meier plots of tumor size and multifocality in pediatric PTC; and (D) Kaplan−Meier plots of CLNM and LLNM in adult PTC.






3.5 Good performance of the novel recurrence risk stratification (Stratification.N) for pediatric papillary thyroid cancer

Based on the above results, a new risk stratification method was proposed in pediatric PTC, which was named Stratification.N. Tumor size > 1 cm and multifocality were incorporated as the basis for classification. Patients with a tumor size ≤ 1 cm and single focus were classified into Stratification.N 1. Patients with a tumor size > 1 cm or those with multifocal tumors were classified into Stratification.N 2. Patients with a tumor size > 1 cm and multifocality were classified into Stratification.N 3.

Furthermore, Kaplan–Meier curves were plotted to evaluate the performance. As shown in Figure 2A, patients classified into Stratification.N 3 had an obviously poorer prognosis among the three groups (P=0.01 and P=0.00062). Furthermore, the patients were divided into two groups based on unilateral and bilateral thyroid cancer. As shown in Figure 2B, patients with unilateral thyroid cancer, who were classified into Stratification.N 2, had significantly poorer prognoses (HR =0.0003, 95% CI: 0.00–0, P=0.01). As shown by the Kaplan–Meier curve, patients with bilateral thyroid cancer, who had tumors located in the third layer, had a worse prognosis trend than those who had tumors located in the second layer (P=0.13). This may be due to the small sample size and short follow-up time. To further evaluate the efficiency of Stratification.N in different age groups, specific Kaplan–Meier curves were plotted. As shown in Figure 2C, among patients aged >14 years, those classified into Stratification.N 3 had a worse prognosis (HR =0.27, 95% CI: 0.1–0.73, P=0.0052), suggesting that Stratification.N could better predict the likelihood of recurrence of pediatric PTC. However, Stratification.N did not show a good performance in adult PTC (data not shown), possibly due to the differential risk factors (only LLNM for adult PTC). Therefore, Stratification.N might be used to predict the risk of recurrence more accurately in pediatric PTC.




Figure 2 | Survival analysis of the new risk stratification method. (A) Kaplan−Meier plots of novel recurrence risk stratifications in pediatric PTC; (B) Kaplan−Meier plots with different stratification in patients with unilateral and bilateral cancer; (C) Kaplan−Meier plots with with different stratification in patients with different age group.







4 Discussion

The incidence of pediatric thyroid cancer has been increasing year by year, and it has now become the second most common malignancy in children (2, 11). However, the 2015 ATA guidelines for pediatric thyroid cancer follow the same risk stratification method as those for adult thyroid cancer. Currently, there is a lack of an RRS method specifically developed based on the characteristics of pediatric thyroid ca. Therefore, it is not possible to accurately predict the likelihood of recurrence in pediatric thyroid cancer patients (12). In this study, the authors first investigated the pathological characteristics of pediatric PTC and how it differed from adult PTC and then they explored the differential risk factors for pediatric PTC and adult PTC. Finally, they proposed Stratification N. to predict the recurrence of pediatric PTC more accurately.

This study first described the unique biological behaviors of pediatric PTC. Despite the 2015 American Thyroid Association (ATA) Pediatric Thyroid Cancer Guidelines recommending a research age limit of 18 years and below, our study has chosen to extend the age criteria to 20 years and below. This decision stems from a synthesis of literature findings and practical work experience (13–15), driven by the desire to juxtapose the characteristics of pediatric thyroid cancer across diverse age groups. Patients with pediatric PTC under the age of 14 years exhibited larger tumor diameters and a higher rate of CLNM. Tumor size, and multifocality were associated with CLNM. In the retrospective research by Chen, among the 52 cases, the proportion of local invasion in the pre-school group was found to be higher than that in the school-age group (16). As shown by Huang’s research (17), patients with positive preoperative TPOAb (P=0.047) and TgAb (P=0.047) had a lower recurrence rate in the younger group. However, this study found no significant difference in the proportion of bilateral cancer and concurrent thyroiditis in pediatric patients with PTC compared with adult patients with PTC. Compared with adult PTC, pediatric PTC exhibited differences in pathophysiology, clinical presentation, and long-term outcomes.

In recent years, an increasing number of scholars have proposed that the clinical pathological features of pediatric PTC and adult PTC are not entirely consistent. Gui’s research found that a younger age at diagnosis, positive preoperative TSH, a maximum tumor size >2 cm, lateral LNM, number of LNMs, N staging, and RRS were related to a poor prognosis in patients with PTC (P<0.05) (18). Wang explored 15 years of data from their center, and they found that younger age and ETE were significant dependent factors of post-operative recurrence (19). Guo’s study (20) found that age, bilateral involvement, extrathyroidal invasion, concurrent thyroiditis, and multifocality were risk factors for lateral neck lymph node metastasis in pediatric PTC. This study found that a younger age, larger tumor size, and lateral neck lymph node metastasis were associated with an increased risk of CLNM. Meanwhile, a larger tumor size, multifocality, and CLNM were associated with an increased risk of lateral neck lymph node metastasis in pediatric PTC. This is consistent with the characteristics of pediatric PTC found in other studies (16, 19, 21). In addition, several studies (22–25) suggested that NTRK and RET gene fusion might play an important role in the occurrence and development of pediatric thyroid cancer. Therefore, the characteristics of pediatric PTC patients are significantly different from those of adult PTC patients.

An increasing number of studies have proposed that the prognosis of pediatric and adult PTC is also not entirely the same. As shown by Chen’s study, over half of the recurrent cases had a low T stage and low ATA risk levels at the initial diagnosis (78.3% and 51.4%) (16). Geiger, after 21 years of investigation, found that in patients with PTC, positive surgical margins, node positive disease, and a tumor size of 3 cm or more were risk factors for a lower locoregional recurrence-free survival rate (26). In this study, compared to patients with non-recurrent pediatric PTC, patients with recurrent pediatric PTC were more likely to have a tumor size larger than 1 cm, multifocality, bilateral involvement, and lateral neck lymph node metastasis. Patients with recurrent adult PTC were more likely to be over 35 years of age, and have central or lateral neck lymph node metastasis. Risk factors for recurrence in adult PTC included lateral neck lymph node metastasis and CLNM. Tumor size and multifocality were independent risk factors for recurrence in pediatric PTC patients. However, Guo’s study (20) suggested that tumor size, bilateral involvement, concurrent thyroiditis, and lateral neck lymph node metastasis might also affect recurrence in pediatric PTC patients, with concurrent thyroiditis being an independent risk factor for recurrence. In our clinical practice, we observed a higher recurrence rate in patients undergoing secondary surgeries who were initially between the ages of 10 and 16 compared to those aged between 16 and 20 at their first surgery. This observation led us to hypothesize that younger patients may exhibit a higher susceptibility to recurrence. Regrettably, our statistical findings in this study did not corroborate our clinical observations, possibly owing to the relatively short follow-up duration and the limited sample size. Some studies (17, 20) have suggested that the development of pediatric thyroid cancer is influenced by local inflammatory cells, which may promote the spread of tumor cells. This demonstrates that the clinical characteristics affecting recurrence in children are different from those affecting recurrence in adults.

Accordingly, it is necessary to conduct a differential risk assessment to better distinguish and evaluate pediatric PTC and adult PTC. In clinical practice, clinicians need a quick and convenient way to assess the risk of recurrence in patients and decide upon specific treatment options based on the results (27, 28). Therefore, it is necessary to develop an RRS method that can be easily applied in clinical settings (12, 29). Many studies (18, 30, 31) have suggested that tumor size and lymph node metastasis are important factors for predicting recurrence in pediatric PTC. In this study, based on the systemic analysis, two important clinical features—tumor size and multifocality—were included as key factors in the RRS method. The study found that this new method can clearly distinguish patients with pediatric PTC with different levels of recurrence risk. In combination with the age and location of tumor, it can better predict the recurrence risk in high-risk patients. This new method provides a quick and efficient tool for clinicians to evaluate the recurrence risk in patients with pediatric PTC in clinical practice and facilitate decision-making regarding appropriate treatment strategies.

The limitations of this study are that it was a single-center study and represented a certain limitation to the population. Additionally, the follow-up time of this study was relatively short and it needs to be further extended. Thyroid cancer has a relatively low overall mortality rate, and therefore, recurrence would be a desirable outcome when discussing the risks of the extent of surgery. Therefore, future population-based studies on recurrence are needed. Furthermore, we did not include additional treatment modalities, such as radioactive iodine therapy, which may influence the physician’s decision regarding the extent of surgery. In addition, patients with certain pathological features, including disseminated stages and a size of 40 mm or more, have limited representation, limiting the statistical power for these patients. Despite the limitations of our database, this analysis provides one of the most comprehensive views on thyroidectomy in pediatric patients in China.




5 Conclusion

In pediatric PTC, tumors that have a larger size and multifocality are more likely to metastasize to the cervical lymph nodes. Tumor size > 1 cm and multifocality are independent risk factors for the recurrence of pediatric PTC, whereas the independent risk factor for adult recurrence is only LLNM. This novel pediatric RRS method based on tumor size and multifocality showed a good performance in predicting pediatric PTC recurrence. It can be combined with age to further improve the accuracy. However, its performance should be validated in larger, multi-center cohorts in the future.
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