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We aimed to evaluate the relevance of large-volume lateral lymph node metastases (LLNMs) at risk of recurrence/persistence in papillary thyroid carcinoma (PTC) with LLNMs (N1b). This retrospective study included 448 PTC patients, who had positive LLNMs confirmed by histology and suspected of LLNMs by preoperative ultrasound. According to the number of pathological LLNMs, patients were divided into large-volume LLNM (number of LLNMs >5) and low-volume LLNM (number of LLNMs ≤5). Risk factors of recurrence/persistence in PTC patients with N1b were analyzed. Preoperative ultrasound features of PTC with large-volume LLNM were analyzed. For the patients with a mean follow-up of 44.0 months, the risk of recurrence/persistence was 25.1% in PTC patients with N1b. The recurrence/persistence rate was significantly higher in patients with large-volume LLNM than in patients with low-volume LLNM by multivariate analysis (37.3% vs. 17.1%; HR = 2.451, 95% CI 1.41–4.261, p = 0.001). The 3-year and 5-year recurrence/persistence-free survival for those with large-volume LLNM were 93.2% and 47.2%, respectively. Moreover, we found that multilevel suspected LLNMs and loss of fatty hilum were independent preoperative indicative factors of large-volume LLNM (OR = 6.239, 95% CI 3.547–10.977, p < 0.001; OR = 5.149, 95% CI 1.859–14.261, p = 0.002). In conclusion, multilevel suspected LLNM and loss of fatty hilum on ultrasound tended to be more common in patients with large-volume LLNM. PTC patients with large-volume LLNM are at a higher recurrent/persistent risk than those with low-volume LLNM. Large-volume LLNM may be used to stratify the risk of recurrence/persistence in PTC.
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Introduction

The incidence of papillary thyroid carcinoma (PTC) which accounts for 80%–85% of thyroid cancer in iodine sufficient areas has increased worldwide (1). The appropriate use of routine surgery can reduce disease recurrence and mortality, although they might lead to treatment-related complications (2). Therefore, it is crucial to balance the potential benefit versus possible adverse effects, to accurately choose the appropriate extent of surgery and other treatments. To investigate the risk stratification and help provide the appropriate treatment for a specific patient has become the cornerstone of individualized management of PTC by our and other teams’ results (1, 3, 4). Some PTCs are associated with poor clinical characteristics, such as significant cervical lymph node metastasis (LNM) or distant metastases (5, 6). Lateral neck metastasis is known as an independent risk factor of loco-regional recurrence, especially in patients older than 45 years (7–10). Moreover, large-volume lymph node metastasis (number of LNMs >5) has been shown to be a significant prognostic factor in the 2015 ATA guideline (1, 11–13). Central and lateral LNMs are considered to be two forms of local regional metastasis in PTC, since central lymph node metastasis (CLNM) has a lesser impact on survival (11). However, fewer studies have focused on large-volume lateral LNMs, and the utility of the number of lateral lymph node metastasis (LLNM) in the prognosis and nodal staging of PTC patients has not been comprehensively studied. Whether a significant number of LLNMs are more likely to remain or recurrence after surgery has not been confirmed.

Recent advances in ultrasound allow an accurate recognition of involved cervical compartments. In a recent meta-analysis, the sensitivity and specificity of ultrasound in detecting LLNM of PTC were 70% and 84%, respectively (14). Compartment-oriented lymph node (LN) dissection instead of the extensive radical LN dissection necessitates the close cooperation of a careful examination from radiologists. However, to our knowledge, no research had studied ultrasonographic features of cervical lymph nodes for large-volume LLNM. In this study, we assessed the prognosis and ultrasound features of cervical lymph nodes for large-volume LLNM in patients with PTC.



Material and Methods


Patients and Definitions

We retrospectively studied all 4,306 patients who underwent thyroidectomy at our hospital between December 2012 and April 2016. The following inclusion criteria were applied: (1) patients older than 18 years of age; (2) patients with PTC confirmed via surgical pathology; (3) patients who underwent thyroidectomy with central and lateral neck dissection; (4) patients with >5 lateral lymph nodes removed and lateral lymph node metastases confirmed via surgical pathology; and (5) patients with preoperative ultrasound suspected of having lateral lymph node metastasis. A total of 448 patients were included (Supplementary Figure 1). During follow-up, thyroglobulin (Tg), thyroid-stimulating hormone (TSH), and anti-Tg antibody levels were periodically measured in plasma, and ultrasound was periodically performed. If there was a suspicion of tumor recurrence/persistence, patients underwent whole-body 131-iodine scan, computed tomography (CT), magnetic resonance imaging (MRI), or 18-fluorodeoxyglucose positron emission tomography (PET). In the study, recurrence/persistence was defined as persistent or newly identified locoregional or distant metastases, which were reviewed by an experienced surgeon and an experienced radiologist in combination with Tg level (suppressed Tg >1 ng/ml or stimulated Tg >10 ng/ml) and Tg antibody status (rising Tg antibodies) (1, 15). Discrepancies were resolved through discussion.



Data Collection

All ultrasound examinations were performed using a Philips iU 22 device (Philips Healthcare, Eindhoven, Netherlands), equipped with a 5–12-MHz linear-array transducer. The size (short axis and long axis), multifocality, shape, cystic appearance, fatty hilum, hyperechogenicity, calcifications, and vascularity of lymph nodes, were evaluated by ultrasound. The size, multifocality, and extrathyroidal extension of primary thyroid nodules were evaluated by ultrasound. Suspicious sonographic characteristics of cervical lymph nodes included loss of the fatty hilum, a rounded rather than oval shape, cystic change, hyperechogenicity, calcifications, and peripheral vascularity. In multifocal cases, the largest lymph node was analyzed. Lymph nodes were considered suspicious when one or more of the suspicious ultrasound findings were present (1). The ultrasound examinations were performed by radiologists, and the images of ultrasound were reviewed by an experienced radiologist who was blind to the patients’ clinical data.

The pathological data included tumor size, extrathyroidal extension, and the status of central and lateral LNs. In multifocal cases, the largest one was analyzed. Lateral cervical LNs included levels II, III, IV, and V lymph nodes. Central cervical lymph nodes included level VI and VII lymph nodes. The number of LNMs was calculated and analyzed with respect to the neck level. Large-volume LLNM referred to more than five metastatic lateral LNs. Low-volume LLNM referred to less than or equal to five metastatic lateral LNs. Large-volume CLNM referred to more than five metastatic central LNs.



Statistical analysis

Categorical variables were presented as frequencies and analyzed using the chi-squared test. Quantitative data were presented as the mean ± standard deviations (SDs). For parametric data, an unpaired t-test was used to evaluate the differences between the two groups. The study analyzed the median and mean recurrence/persistence-free survival using the Kaplan–Meier method and log-rank testing. Univariate Cox regression was used to evaluate the association between each of the risk factors and the study’s recurrence/persistence. For multivariate analysis, the Cox proportional hazards model was used to assess the relationship between recurrence/persistence and variables. Based on the parameters from the statistically significant results of the χ2-tests, a multivariate logistic regression model was established to assess the correlations between sonographic features and large-volume LNM. All statistical analyses were performed with SPSS software version 19.0 (IBM, Armonk, NY, USA). Differences with p < 0.05 were considered statistically significant.




Results


Analysis of Risk Factors and Prognosis of PTC With Lateral Lymph Node Metastasis

The correlation of risk factors with recurrence/persistence is shown in Table 1. The mean age of the patients at diagnosis with recurrence/persistence was 38.3 ± 12.1 years, and that of those without was 39.8 ± 11.2 years. Sex and age were not associated with recurrence/persistence (p = 0.057; p = 0.524). Large-volume CLNM correlated with recurrence/persistence (p = 0.01). 33.7% of patients with large-volume CLNM developed recurrence/persistence, compared with 18.8% of patients with low-volume CLNM. The recurrence/persistence rate was significantly higher in patients with large-volume LLNM than in patients with low-volume LLNM (37.3% vs. 17.1%, HR = 1.85, 95% CI 1.23–2.77, p = 0.003) (Figures 1, 2). Other risk factors, such as multifocality, tumor size, extrathyroidal extension (ETE), and pathological CLNM, did not correlate with the prognosis of PTC.


Table 1 | Risk factors of recurrence/persistence in PTC patients with lateral lymph node metastasis.






Figure 1 | Comparison of cumulative survival of papillary thyroid cancer patients with metastasis to large-volume lateral lymph node and low-volume lateral lymph node by univariate Cox regression (p = 0.003).






Figure 2 | Case: a 61-year-old man was admitted due to hoarseness. Ultrasound showed there was a 2.6-cm solid thyroid nodule in the right lode (A, B). The right-level III lateral lymph nodes showed rounded nodes with loss of the fatty hilum (C). Histological pathology confirmed that the nodule was a papillary thyroid carcinoma with large-volume lateral lymph node metastasis in the right-level II/III/IV/V neck. After a follow-up period of 59 months, the patient developed the suspected cervical lymph node recurrence in the right neck with a thyroglobulin (Tg) level of 1.8 ng/ml (D).



To identify independent factors associated with recurrence/persistence, variables were entered into multivariate Cox regression testing. Patients with large-volume LLNM were more likely to develop recurrence/persistence than those with low-volume LLNM (HR = 2.451, 95% CI 1.41–4.261, p = 0.001) (Table 2).


Table 2 | Multivariate analysis for risk factors of recurrent/persistent status in PTC with lateral lymph node metastasis.



The median and mean recurrence/persistence-free survival were 60.0 and 60.6 months for the PTC patients with large-volume LLNM, respectively. The median and mean recurrence/persistence-free survival were 69.0 and 65.5 months for the PTC patients with low-volume LLNM. The prognoses of PTC patients with large-volume LLNM were significantly worse than those with low-volume LLNM (p = 0.002) (Table 3).


Table 3 | The median and mean recurrence/persistence -free survival time of the PTC patients with large-volume lateral lymph node metastasis and low-volume lateral lymph node metastasis.





Clinical Courses of PTC Patients With Lateral Lymph Node Metastasis

Of the 448 patients, 387 patients (86.4%) were followed up. The mean follow-up periods were 44.0 ± 19.1 months. The 3- and 5-year recurrence/persistence-free survival was 95.3% and 57.9%, respectively. Recurrence/persistence was recorded in 97 patients (25.1%), including 90 patients (23.3%) in the regional lymph node, five patients (1.3%) in the thyroid operative bed, and one patient (0.3%) in the cervical soft tissue, and one patient (0.3%) developed distant metastasis in the lung.

In our series, patients with recurrence/persistence had significantly higher abnormal Tg values (defined as suppressed Tg >1 ng/ml or stimulated Tg >10 ng/ml or rising Tg antibodies) than those without (31/95, 32.6% vs. 25/274, 9.1%, p < 0.001). The mean serum Tg level in the patients with recurrence/persistence was greater than those without (3.34 ± 12.05 vs. 0.97 ± 3.65 ng/ml, p = 0.01).

The mean serum Tg levels of patients with large-volume LLNM and with low-volume LLNM were 3.10 ± 11.62 and 0.86 ± 3.45 ng/ml, respectively. Patients with large-volume LLNM had a higher Tg level than those with low-volume LLNM (p = 0.008). The mean serum Tg antibody levels of patients with large-volume LLNM and with low-volume LLNM were 94.60 ± 424.76 and 33.35 ± 70.87 IU/ml, respectively (p = 0.11).



Clinical Courses of PTC Patients With Large-Volume Lateral Lymph Node Metastasis

The prevalence of large-volume LLNM was 4.1% in PTC patients and 39.5% in PTC patients with lateral lymph node metastasis (LLNM). For the PTC patients with large-volume LLNM, recurrence/persistence was found in 57 cases (37.3%), including 53 patients (34.6%) in the cervical lymph node, 3 patients (2.0%) in the thyroid operative bed, and one patient (0.7%) in cervical soft tissue. The 3- and 5-year recurrence/persistence-free survivals were 93.2% and 47.2%, respectively.

Twenty patients (38.6%) with large-volume LLNM had recurrence/persistence lesions in the primary site of LLNM. 62.5% of patients with low-volume LLNM had recurrence/persistence lesions in the primary site of LLNM. More patients with low-volume LLNM had recurrence/persistence lesions in the primary site of LLNM than those with large-volume LLNM (62.5% vs. 38.6%, p = 0.003).



Ultrasonographic Features for Large-Volume Lateral Lymph Node Metastasis

Patients with larger tumors (>2 cm) had a significantly higher large-volume LLNM rate than those with smaller tumors (55.7% vs. 36.5%, p = 0.003). The patients with large-volume LLNM tended to involve more levels of LLNM on the US at the lateral neck compared to those with low-volume LLNM (76.2% vs. 33.6%, p < 0.001). Patients with large-volume LLNM had larger LN on the US than those with low-volume LLNM (short axis of LN, 0.93 ± 0.55 vs. 0.65 ± 0.33 cm, p < 0.001; long axis of LN, 1.98 ± 0.96 vs. 1.46 ± 0.71 cm, p < 0.001). Compared to low-volume metastatic LNs, large-volume metastatic LNs were more likely to have the following ultrasound features: multifocality suspected LLNM (46.1% vs. 21.2%, p < 0.001), loss of fatty hilum (42.8% vs. 28.2%, p < 0.001), cystic change (53.8% vs. 37.6%, p = 0.03), and peripheral vascularity (46.1% vs. 29.6%, p < 0.001). There was no significant difference between large-volume and low-volume lateral LNs in terms of the ultrasound characteristics of hyperechogenicity, calcifications, and LN L/S ratio (p > 0.05). Moreover, suspected CLNM on ultrasound (US) was correlated with large-volume LLNM (46.4% vs. 34.3%, p = 0.011) (Table 4).


Table 4 | Ultrasonographic features for large-volume lateral lymph node metastasis.



The results of the multivariate logistic regression analysis of the suggestive factors are shown in Table 5. Multilevel suspected LLNMs and loss of fatty hilum were found to be independent factors indicative of large-volume LLNM (OR = 6.239, 95% CI 3.547–10.977, p <0.001; OR = 5.149, 95% CI 1.859–14.261, p = 0.002).


Table 5 | Multivariate analysis of the sonographic features of large-volume lateral lymph node metastasis.






Discussion

The reported overall recurrence/persistence rate of PTC ranged from 1.4% to 29.0% (7). Patients with lateral LNM are prone to have a higher recurrence/persistence rate. A previous study showed that patients with N2 stage (LN > 3 cm) were 6.18 times more likely to show lymph node recurrence than were N-negative patients. In our study, the risk of recurrence/persistence was 25.1% in PTC patients with LLNM (pN1b). The rate was comparable to a subsequent series by Ito et al. (16), in which the risk of recurrence was 25% in clinical N1b patients with PTC > 1 cm. A study also showed that the risk of recurrence increased to 30% in the patients that had clinical N1b disease (17). Compared with CLNM (N1a), the American Joint Committee on Cancer (AJCC) system also increases the risk of LLNM (N1b) disease, which may be due to that N1b is an indicator of more aggressive PTCs.

Some previous studies have demonstrated that the number of lymph node metastasis influenced the prognosis of thyroid cancer (11, 18–20). In a recent study of the SEER database, the metastasis lymph node number was significantly associated with both cancer-specific survival and overall survival in patients with differentiated thyroid cancer (11). Although the AJCC system did not use the number of LNMs to increase the risk of recurrence, five pathologically involved LNs have been shown to be a significant prognostic factor in the ATA risk stratification of recurrence (1). Compared with LLNM, CLNM has a lesser impact on survival. However, the utility of the lateral lymph node metastasis in the sub-nodal staging of PTC patients and stratifying of the patients by survival has not been shown. According to our results, recurrence/persistence was found in 37.3% of patients with large-volume LLNM. The recurrence/persistence rate was significantly higher in patients with large-volume LLNM than in patients with low-volume LLNM by univariate and multivariate analyses. The 3- and 5-year recurrence/persistence-free survivals for those with large-volume LLNM were 93.2% and 47.2%, respectively. Similarly, a previous study of patients with clinical N1b disease also showed that having 5 or more clinically apparent metastases independently affected disease-free survival, which may have a limited sensitivity since more than half of pathologically confirmed LNMs can be missed by preoperative clinical evaluation (18). Our results presented additional information indicating that the presence of large-volume LNM in the lateral neck (N1b) is important data for postoperative recurrence risk stratification. The findings may be useful for thyroid cancer recurrence classification modifying.

Several studies defined the disease recurrence of thyroid cancer as evidence of disease following a remission period of 1 or 2 years (7). The concept of PTC persistence or recurrence after the operation is still difficult to distinguish because of its indolent nature (15). The persistent or recurrent lesions in the study refer to new lesions or residual lesions found during the follow-up after surgery. 38.6% of patients with large-volume LLNM had recurrence/persistence lesions in the primary location of LLNM, and most of the patients (84.2%) had recurrence/persistence lesions in the lateral neck. Moreover, we found that more patients with low-volume LLNM had recurrence/persistence lesions in the primary site of LLNM than those with large-volume LLNM (62.5% vs. 38.6%). We speculate that it may be due to the patients with large-volume LLNM being more aggressive and prone to metastasis, or patients with low-volume LLNM having persistent lymph node lesions after the initial surgery.

Due to the deep location of central compartment LNs, it is difficult to identify features of these LNs on ultrasound. Preoperative neck ultrasound has a low sensitivity (48.1%) for detecting CLN metastasis. Ultrasound is the preferred screening technique in the preoperative assessment of lateral neck lymph nodes with a sensitivity of 70%–80% (14, 21). Accurate and reliable preoperative ultrasound knowledge of these lateral metastatic lymph nodes will allow an individualized surgical approach (22). We explored the differences in preoperative ultrasound features for predicting large-volume LLNM. In our investigation, multilevel suspected LLNMs and loss of fatty hilum of LN were independently associated with large-volume LLNM. Although the loss of fatty hilum on ultrasound was associated with large-volume LLNM, the overall interobserver agreement of loss of fatty hilum was not satisfied (κ = 0.51) (23). The PTC patients with multilevel suspected LLNMs may be considered to perform more aggressive subsequent treatment for the lateral lymph node.

Our study has several limitations, including the retrospective study design and the mean follow-up time of 44 months, which was not a long period. Moreover, the size of the pathological lateral lymph nodes was not assessed by postoperative pathology. Thirdly, as ultrasound examination is real-time and operator-dependent, and the ultrasound characteristic evaluation in the study may be influenced by the operators. Finally, in the study recurrence/persistence was defined as persistent or newly identified locoregional or distant metastases in combination with the Tg level and Tg antibody status, which was not confirmed through cytology. Future studies are needed to confirm and extend our results.



Conclusion

PTC patients with large-volume lateral lymph node metastasis were at a significantly higher recurrence/persistence risk than those with low-volume lateral lymph node metastasis (at least in the short-term follow-up). Large-volume lateral lymph node metastasis may be considered in the nodal staging for the prognosis risk stratification of PTC patients. Since the patients with large-volume LLNM tended to involve multilevel suspected LLNMs and LNs with loss of fatty hilum, these preoperative ultrasound findings may be useful for identifying patients at higher large-volume LLNM risk.
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SD, standard deviation.
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