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Background

Distant metastasis (DM) is a rare event and has a negative effect on the prognosis for papillary thyroid carcinoma (PTC). The relationship between cervical lymph node metastasis and DM is complicated and unclear. This study aimed to evaluate the impact of N stage subclassification on different distant metastasis sites based on age stratification, especially for patients with papillary thyroid microcarcinoma.



Methods

A total of 28,712 patient with PTC cases between 2010 and 2018 were extracted from the Surveillance, Epidemiology, and End Results database. Multivariable logistic regression analysis was utilized to adjust for confounding variables. Risk stratification, including positive lymph node number and lymph node ratio, was established by receiver operating characteristic curves to help predict DM.



Results

Lung was the most common metastatic site regardless of N0, N1a disease, or N1b disease. As the N stage increased, the higher the rate of DM identified. After age stratification, only N1b disease significantly increased the risk of lung metastasis (LM; odds ratio, OR = 20.45, P < 0.001) rather than bone metastasis (BM; OR = 3.46, P > 0.05) in younger patients. However, in older patients, N1b disease significantly increased the risk of both LM (OR = 4.10, P < 0.001) and BM (OR = 2.65, P = 0.007). In patients with papillary thyroid microcarcinoma (PTMC), N1a disease did not increase the risk of DM, LM, and BM compared with N0 disease (P > 0.05). Furthermore, combined N stage with risk stratification has well performance in predicting DM (area under the curve, AUC = 0.761). Similar results were shown in PTC patients with LM (AUC = 0.770) and BM (AUC = 0.729).



Conclusion

Overall, the incidence of DM significantly increased with the progress of N disease after age stratification. N1a disease did not increase the risk of DM in PTMC patients, regardless of LM or BM. Combined N stage with risk stratification may be beneficial for DM prediction.
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Introduction

Papillary thyroid carcinoma (PTC) was the most frequent histological subtype of thyroid malignancy which has a rapidly rising incidence worldwide in the last few decades (1, 2). In total, 20.7–62% of patients with PTC present cervical lymph node metastasis (LNM) at initial diagnosis, which was associated with a poor prognosis (3, 4), yet the recently updated 8th edition of the TNM staging system eliminates the difference between central (N1a) and lateral (N1b) LNM, and N1b disease is not adopted for the final staging classification (5–7). These changes have been questioned, and concern arises in such a way that ignoring the metastatic lymph node sites may underestimate recurrence and mortality in patients with PTC.

Distant metastasis (DM), including lung metastasis (LM), bone metastasis (BM), brain metastasis, and liver metastasis, contributes to the leading cause of thyroid cancer-related death (8), and the rates of 5- and 10-year cancer-specific survival (CSS) for PTC patients with DM were reported to be 35 and 25%, respectively (9, 10). Previous studies pointed out that LNM was considered as the strongest predictor of DM (11–13), especially in younger patients (<55 years) (14). Vuong and his colleagues (15) demonstrated that N1b disease was associated with a significant risk for DM. In contrast, N1a disease could not increase the risk of DM in patients with PTC. Surprisingly, further investigations on this relationship conducted by Wang (8) proved that LNM had no significant influence on DM. The conflicting results were partly attributable to neglecting the influence of potential confounding factors (advanced age, male gender, tumor size, and BRAF-V600E) on DM and simply exploring the risk factors that affect the overall DM without considering the heterogeneity of different metastatic sites. Thus, the role of LNM impact on DM has not reach an agreement (16), and there is no reference study focused on the effect of N stages subclassification on different metastatic sites.

The current study was undertaken to evaluate the effect of N classification on DM based on age stratification in patients with PTC using a large thyroid cancer cohort, especially for LM and BM. In the meantime, in order to guide the active surveillance (AS) for patients with papillary thyroid microcarcinoma (PTMC), we explore whether N1a disease can significantly increase the risk of DM. Furthermore, a DM predictive model based on N stages, positive lymph node number (PLNN), and lymph node ratio (LNR) was established to identify asymptomatic DM early. Therefore, the present results may provide guidance to personalize the therapeutic approaches and follow-up strategies.



Materials and Methods


Study Population

All data were obtained from the Surveillance, Epidemiology, and End Results (SEER) database (https://seer.cancer.gov, access date: April 2021), a database that covered approximately 30% of the United States citizens and contained detailed demographics, therapy information, survival data, and clinicopathological characteristics (17). The International Classification of Diseases for Oncology code was used to identify patients diagnosed with PTC (8460, 8453, 8450, 8453, 8050, 8340-8344, and 8260) from the SEER 21 registry during the period 2010–2018. Data on age at diagnosis, T/N/M stage, grade (I, well differentiated; II, moderately differentiated; III, poorly differentiated; IV, undifferentiated, anaplastic), primary tumor size, distant metastatic sites, number of examined lymph nodes, PLNN, and radiation therapy (radioactive iodine therapy and external beam radiation therapy) were retrieved for further analysis. The inclusion criteria were as follows: (I) histologically confirmed PTC, (II) age ≥18 years, (III) clearly denoted N stage and distant metastatic sites (diagnosed by ultrasound, SPECT/CT, MRI, and post-treatment I131 whole-body scan during the 8 years of follow-up), and (IV) performed thyroidectomy with neck lymph node dissection. Patients with unknown or insufficient clinicopathologic profile were excluded. In total, 28,712 patients with PTC were enrolled in this study (Figure 1).




Figure 1 | Flow chart of data screening and analysis.





Study Design

According to the 8th edition TNM-N classification system, the 28,712 PTC patients were classified into three groups: N0 (no evidence of LNM), N1a (metastasis to level VI or VII), and N1b (metastasis to retropharyngeal lymph nodes or level I – V) (18). The impact of N classification on DM was evaluated, especially for LM and BM. Recently, the revised 8th TNM stage updated the age cutoff from 45 to 55 years old; the effect of LNM on DM was analyzed by using age stratification, with a cutoff of 55 years. All patients were classified into the younger group (<55 years) and the older group (≥55 years) for further analysis. Finally, to evaluate the value of PLNN and LNR on DM, patients with retrieved lymph nodes less than 5 during neck lymph node dissection were ruled out to reduce the selection bias. LNR was defined as metastatic lymph nodes to total retrieved lymph nodes.



Statistical Analysis

Statistical analyses were performed using R software (version 4.1.0). Continuous variables were presented as means ± standard deviations, while categorical variables were displayed as percentages and numbers. Univariate analysis was performed using t-test for continuous variables and chi-square test for categorical variables. To screen the independent risk factors affecting DM, continuous variables—including age and tumor size—and categorical variables—including T stage, race, sex, radiation therapy, grade, and laterality—were assessed by logistic regression analysis. In addition, odds ratios (OR) with 95% confidence intervals (CI) were calculated precisely. The area under the receiver operating characteristic (ROC) curve (AUC) was calculated to determine the most appropriate cutoff points for LNR and PLNN. Furthermore, a predictive model was constructed to categorize the patients into low-, medium-, and high-risk groups. Decision curve analysis (DCA) and AUC were utilized to assess the clinical performance and predictive accuracy. All P-values reported are two-sided, and those less than 0.05 were considered statistically significant.




Results


Baseline Clinical and Pathologic Characteristics

A total of 28,712 PTC patients were enrolled in this study, and the patient characteristics are presented in Table 1. The distribution of N classification was 13,973 (48.7%) with N0 stage, 9,251 (32.2%) with N1a stage, and 5,488 (19.1%) with N1b stage. Among these patients, 21,926 (76.4%) were female, and 72.4% were younger than 55 years old; the median age was 45.6 ± 14.5 years. Unilateral tumors, pathological tumor size ≤1 cm, and T1 stage were found in 20,442 (71.2%), 9,482 (33.0%), and 15,661 (54.5%) of the patients, respectively. About 38 (0.13%) patients underwent multiple distant metastasis. Besides this, patients with grade I/II (6,204) were significantly more numerous than patients with grade III/IV (242). The mean number of retrieved lymph nodes and PLNN were 10.7 ± 15.0 and 3.0 ± 5.4, respectively. About 15,173 (52.8%) patients underwent I131 therapy. The median follow-up duration was 61 months (range, 1–107 months), the 5-year overall survival and CSS were 98.3 and 99.2%, respectively. Besides this, DM was found in 319 (1.1%) patients; of them, 189 patients (0.65%) had LM, 63 (0.22%) had BM, 10 (0.03%) had liver metastases, and 9 (0.03%) had brain metastases. Supplementary Figure S1 shows that lung is the most common metastatic sites regardless of N0, N1a disease, or N1b disease. As the stage increased, the higher the rate of DM was identified. Age, gender, grade, race, tumor size, PLNN, LNR, examined lymph nodes, T stage, M stage, radiation therapy, and survival time were significant difference among N classification (P <0.05).


Table 1 | Baseline clinical and pathologic characteristics of patients.





The Impact of N Classification on Distant Metastasis

Overall, with the increase of N stage, the prevalence of DM also elevates, including LM and BM. After adjustment for age, race, sex, tumor size, T stage, laterality, radiation therapy, and grade, N1a (OR = 2.23; P < 0.001) and N1b disease (OR = 9.22; P < 0.001) were significantly associated with DM compared with N0 disease. Similar results were revealed in PTC patients with LM. However, there was no significant difference between N0 and N1a disease in PTC with BM (P = 0.69). In contrast, N1b disease was associated with a higher risk of BM compared with N0 disease (OR = 2.78, 95%CI: 1.50–5.36, P < 0.001) (Table 2). These abovementioned results indicate that LNM significantly increase the incidence of DM, especially for N1b disease.


Table 2 | The impact of N classification on distant metastasis.





The Impact of N Classification on Distant Metastasis Based on Age Stratification

Patient’s age at diagnosis has been reported to be associated with prognosis (19). The incidence of DM significantly increased with the progress of N disease regardless of older patients or younger patients (P < 0.001) (Supplementary Table S1). Subsequently, we further explored the influence of N classification on different metastatic sites. In older patients with LM, the results were consistent with the abovementioned observations. In younger patients with LM, N1b disease (OR = 20.45, 95%CI: 8.14–68.77, P < 0.001), instead of N1a disease (OR = 2.92, 95%CI: 0.98–10.48, P = 0.065), boosts the incidence of LM after adjusting for all confounding variables (Table 3). Surprisingly, we discovered that the N classification had no significant effect on BM in younger patients, and only N1b disease (OR = 2.65, 95%CI: 1.32–5.55, P = 0.007) elevated the rate of BM in older patients (Table 3). These findings imply that more emphasis should be devoted to the impact of LNM on LM rather than BM in younger patients with PTC. However, in older patients, N1b disease significantly increases the risk of both LM and BM.


Table 3 | The impact of N classification on lung and bone metastasis based on age stratification.





Impact of N Classification on Distant Metastasis in Patients With PTMC

Compared with N0 disease, N1a disease does not increase the risk of DM (P = 0.069), LM (P = 0.058), and BM (P = 0.678) after adjusting for age, race, sex, T stage, laterality, grade, and treatment approaches. Meanwhile, the risks of DM (OR = 6.14, 95%CI: 2.25–11.79, P < 0.001) and LM (OR = 20.43, 95%CI: 3.37–47.30, P = 0.002) were significant higher in patients with N1b disease than patients with N0 disease. Nevertheless, N1b disease did not have a significantly higher risk of BM than those with N0 disease (P = 0.550) (Table 4). These results reveal that N1a disease does not increase the risk of DM, regardless of LM or BM.


Table 4 | Impact of N classification on distant metastasis in patients with papillary thyroid microcarcinoma.





Establishment of a Model to Predict Distant Metastasis

In addition, prior studies have reported that the PLNN and LNR played a vital role in predicting DM (20). The clinical implications and appropriate cutoff points have not been comprehensively studied at the same time. To improve the predictive reliability of the PLNN and LNR, the total retrieved lymph nodes less than 5 had been excised. First, we used ROC curves to determine that the cutoff of PLNN and LNR were 3.5 (AUC = 0.725) and 0.286 (AUC = 0.636), respectively (Supplementary Figure S2). Thereafter, the enrolled patients were classified into high-risk (PLNN ≥4 and LNR ≥0.286), medium-risk (PLNN >4 and LNR <0.286 or PLNN <4 and LNR ≥0.286), and low- risk (PLNN <4 and LNR <0.286) groups. The statistics model combined N stage with risk stratification and has a well preference in predicting DM (AUC = 0.761). Similar results were shown in PTC patients with LM (AUC = 0.770) and BM (AUC = 0.729). The DCA also revealed that the combined model had an excellent performance in daily clinical practice (Figure 2).




Figure 2 | Receiver operating characteristic and decision curve analysis curves with different models in the prediction of distant metastasis (A, B), lung metastasis (C, D) and bone metastasis (E, F) in papillary thyroid carcinoma patients with 5 or more lymph nodes examined.






Discussion

This is, to our knowledge, the largest analysis to specifically assess the impact of N classification on different distant metastasis sites. The results have shown that lung was the most frequent metastatic site regardless of N0, N1a, or N1b disease. As the N stage increased, the higher the rate of DM that was identified in the whole cohort even after age stratification. Overall, N1a disease does not increase the risk of DM in PTMCs, and combined N stage with PLNN and LNR has well performance in predicting DM. All these results will help clinicians to develop tailored treatment and follow-up strategies.

Patient’s age at diagnosis has been reported to be a strong prognostic factor in PTC patients (19, 21, 22). Numerous studies have focused on the analysis of prognosis based on age stratification. Our previous research demonstrated that the effect of tumor size on the aggressiveness of PTC varied with the patient’s age (23). Additionally, a study indicated that BRAF mutation was more common in PTC patients over 55 years old (24). It therefore follows that age stratification is critical in assessing unfavorable events (DM, LNM, and gross extrathyroidal extension), although there were some studies about the association between LNM and clinical prognosis in PTC patients (25, 26). To the best of our knowledge, the influence of LNM on DM based upon the age threshold of 55 years has not been fully elucidated. Consequently, this present study filled this gap. Generally, an increase in N stage was associated with a higher risk of DM in both younger and older patients. Unexpectedly, after a more detailed analysis of LM and BM separately, LNM was regarded as a risk factor of LM, but not BM, in younger patients, while LNM was significantly correlated with both LM and BM in older patients. Taken together, the dissimilarities regarding different metastatic sites and variant ages must be considered when exploring the effect of LNM on DM.

More recently, the management of patients with PTMC has become an important issue since over-diagnosis of low-risk PTMCs is a widespread global problem resulting in overtreatment in many cases (27). In this situation, many researchers, including Japanese scholars, suggested that AS rather than immediate surgery could be more beneficial for low-risk PTMC patients (28–31). Nevertheless, the potential risks of AS are increasingly being reported. Approximately 8 to 23.2% of patients experienced an increase in tumor volume during AS (29, 30, 32, 33), and more concerns arise in the occurrence of LNM in PTMC (34–37). Researchers from Kuma Hospital demonstrated that the rate of LNM among PTMC patients who underwent AS could reach 1.2–2.1% (19, 38). In stark contrast to AS, a study conducted in Italy found that none of the low-risk PTMC patients had a lymph node recurrence after surgery (39). Thereafter, Oda et al. observed that the incidence of LNM in AS patients (0.5%) was discrepant to that in immediate surgery patients (0.2%) (40). As demonstrated in these studies, LNM had great implications for treatment decision-making in PTMC. Clinically, LNM seems to be involved in DM (16, 25, 41), an important prognostic factor associated with survival in PTMC (42, 43). Consequently, we sought to ascertain whether the occurrence of central LNM increased the probability of DM during the implementation of AS in PTMC. In this study, it is worth noting that N1a disease did not increase the risk of DM, regardless of LM or BM. Therefore, from the perspective of DM, AS can be chosen for PTMC because it is not too late to perform therapeutic neck lymph node dissection after the occurrence of a central LNM. Accordingly, given the small effect of N1a disease on DM, our study provided clinical evidence to support AS for PTMC patients.

Besides this, the PLNN and LNR were supposed to be strongly associated with the prognosis (44–46). However, the cutoff value was not defined. Schneider DF et al. found that the cutoff values of LNR for predicting CSS and DFS were 0.7 and 0.42, respectively (47, 48). In addition, Machens A et al.suggested that the LNM categories of 0, 1–20, and more than 20 associated better with LM than the current TNM-N categories in PTC (49). Nevertheless, insufficient sample size is a common shortcoming in existing studies. Moreover, the role of PLNN and LNR in predicting the overall DM of PTC was not captured in these studies. Herein 14,400 PTC patients were evaluated, and then it was demonstrated that LNR (cutoff value: 0.286) and PLNN (cutoff value: 4) could be used for risk stratification of DM. Furthermore, the present evidence proved that combined risk stratification with N classification had the best predictive effect on DM, which provides a new perspective for the accurate prediction of DM in PTC.

Although this study revealed numerous important findings, it must be noted that there are several limitations in our study. Firstly, biases, such as selection bias, could have been introduced due to the retrospective design of the study. Secondly, data on the recurrence of DM are lacking in the SEER database, and some other clinical factors associated with DM, such as the size of metastatic nodes, extrathyroidal extension, TERT promoter mutation, multifocality, dose of radioactive iodine therapy, and BRAF V600E, are not available in the SEER database. Thirdly, few patients with PTC presented with DM, limiting the power of the study and making type II errors very likely. Finally, the extension of cervical lymph node dissection and the proportion of prophylactic lymph node dissection in patients are unknown in the SEER database. Nevertheless, data mining from SEER databases can help minimize biases caused by a single-center study. In addition, strict inclusion and exclusion criteria were followed to avoid potential bias in this study.



Conclusion

In summary, this study based on a large cohort of PTC patients demonstrated that the N stage increased and the higher risks of DM was identified, including LM and BM. However, after age stratification, the incidence of LM, instead of BM, significantly increased with the progress of N disease in younger patients. Meantime, only N1b disease could significantly increase the risk of both LM and BM in older patients. Thus, such discrepancy should be taken into consideration when making treatment strategies. Moreover, N1a disease did not increase the risk of DM, regardless of LM or BM, which indicated that AS was safe for the management of low-risk PTMCs. In addition, we found that combining N stage with PLNN and LNR could individualize the DM estimates for PTC.
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