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Objective: The present study aims to investigate the risk factors of central lymph node metastasis (CNM) in papillary thyroid microcarcinoma (PTMC) and evaluate the predictive value of sentinel lymph node biopsy (SLNB) during surgery.

Methods: The clinicopathological data of 179 patients with PTMC staging in cN0 and with SLNB performed were analyzed retrospectively. Positive sentinel lymph node ratio (PSLNR) and additional positive lymph node (APLN) were analyzed in cases with positive SLNB. The efficiency of SLNB was investigated. ROC curves were plotted to evaluate the predictive value of PSLNR for APLN.

Results: Cumulative maximum diameter of tumors (CMD) (P = 0.041) and capsule involvement (CI) (P = 0.014) were independent risk factors for central lymph node metastasis. The SLNB success rate was 97.28%, and the incidence of CNM was 31.28%. The sensitivity, specificity, false positive rate (FPR), false negative rate (FNR), positive predictive value (PPV), and negative predictive value (NPV) of SLNB to evaluate CNM and APLN were 82.14 vs. 61.54%, 100 vs. 80.39%, 0 vs. 19.61%, 17.86 vs. 38.46%, 100 vs. 34.78%, and 92.48 vs. 92.48%, respectively. For cases with positive SLNB, subgroup analysis was performed according to APLN. The PSLNRs of true and false positive groups were 0.4620 ± 0.1744 and 0.2425 ± 0.1355, respectively (P < 0.001). Analyzing the predictive value of PSLNR by the ROC curve, the optimal diagnostic cutoff point was 0.2917 [AUC = 0.861 (95% CI: 0.757, 0.966), P < 0.001], and the sensitivity, specificity, FPR, FNR, PPV, and NPV of PSLNR were 87.50, 73.33, 26.67, 12.50, 63.64, and 91.67%, respectively.

Conclusion: CMD and CI are independent risk factors for central lymph node metastasis in PTMC. SLNB has good predictive value for CNM. For cases with positive SLNB, PSLNR could be used to predict the presence of APLN, which may provide a theoretical basis for intraoperative lymph node dissection.
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INTRODUCTION

Thyroid cancer is one of the most common malignant tumors of the endocrine system and the incidence has doubled in recent years (1, 2). Thyroid cancer showed a rapid growth trend in Chinese women according to the data published in 2016 (3). In 1988, thyroid microcarcinoma was defined as thyroid cancer with a diameter not larger than 1.0 cm (4), which was accounted for about 35% of all thyroid cancers (5). Due to the application of high-resolution ultrasound and fine needle aspiration (FNA), the proportion of thyroid microcarcinoma increased gradually (6, 7). More than 50% of initially diagnosed cases of thyroid cancer are thyroid microcarcinoma (8). Thyroid microcarcinoma has a good prognosis, and the 5-year survival rate can reach 97% (9, 10). Surgery is still the most important treatment for thyroid carcinoma. However, how to assess the cervical central lymph node (CCLN) is still widely controversial. In breast cancer, SLNB has been widely accepted to evaluate the axillary lymph node status, but there was insufficient evidence to propagate the use of SLNB in papillary thyroid microcarcinoma. In our present study, we retrospectively analyzed the clinical data of PTMC patients in the Center for Thyroid and Breast Surgery of Xuanwu Hospital of Capital Medical University from 2013 to 2016 to investigate the risk factors of CCLN metastasis and evaluate the value of SLNB in predicting the risk of CCLN metastasis.



MATERIALS AND METHODS


Patient Selection

A retrospective analysis was conducted on consecutive patients diagnosed with PTMC, who were admitted to the Center for Thyroid and Breast Surgery, Xuanwu Hospital, from August 2013 to December 2016. This study was conducted in accordance with the Declaration of Helsinki (as revised in 2013) and approved by the Ethical Review Board of Xuanwu Hospital of Capital Medical University (registration number: [2020]055). The clinicopathologic features were recorded and analyzed. The inclusion criteria were as follows: (1) papillary thyroid carcinoma was confirmed by FNAB before operation; (2) the maximum diameter of the tumor was ≤ 1.0 cm; (3) the newly diagnosed cases were without cervical lymph node puncture, radiofrequency ablation, or other neck operations before; and (4) the preoperative evaluation of lymph node was staging in clinically node-negative (cN0) according to the criteria put forward by Kowalski et al. (11): no enlarged cervical lymph nodes were palpated or the maximum diameter of the enlarged lymph nodes was <2.0 cm; the maximum diameter of the enlarged lymph nodes was <1.0 cm; or there was no central liquefaction due to necrosis, peripheral enhancement, disappearance of paranodal fat space, or similar changes even though the maximum diameter ranged from 1.0 to 2.0 cm by imaging examination. The exclusion criteria were as follows: (1) the other types of thyroid cancer or completely benign lesion were confirmed by postoperative paraffin section; (2) no SLN was found during the operation; and (3) the patient was unable to receive surgical treatment for various reasons.



Surgical Procedure

The consent form for the operation and intraoperative frozen pathological examination was signed before the operation, and the informed consent form for the retrospective clinical study was signed during follow-up. All operations were performed by well-trained surgeons. After the entire thyroid was exposed, nanocarbon suspension (LUMMY, Chongqing, China, 0.5 mL/ampoule) was injected at multiple points under the thyroid capsule with a 21-G needle. Injection sites were distributed in the ipsilateral lobe of the tumor and isthmus evenly. Generally, 0.2–0.3 mL carbon nanoparticles were sufficient to stain the diseased lobe and isthmus, and residual agentia was applied to the contralateral lobe following the same procedure once total thyroidectomy was unavoidable. The subcapsular lymphatic vessels could be black stained after local compression for 1–2 min. The surgeons immediately looked for black-stained lymph nodes or lymph nodes directed by black-stained lymphatic vessels in the loose connective tissue of the larynx, trachea, and paratracheal side for SLN resection. According to the location of the lesions and the results of SLNB, the operative procedure was decided as follows: (1) unilateral lobectomy with ipsilateral CCLN dissection was performed in patients with unilateral lesions and negative SLNB; (2) total thyroidectomy with bilateral CCLN dissection was performed in patients with unilateral lesions and positive SLNB; and (3) total thyroidectomy with bilateral CCLN dissection was performed in all patients with bilateral lesions. Frozen pathological examination of the SLNB was reported by experienced pathologists. All the resection specimens were confirmed by postoperative routine pathological examination.



Statistical Analysis

The continuous quantitative variables were described through means and standard deviations, and chi-square test was used to compare the categorical variables. The t-test or rank sum test was used to compare the continuous variables of the two groups. The risk factors of CCLN metastasis were analyzed by multivariate logistic regression. The optimal cutoff and AUC were calculated by ROC curve to illustrate the predictive value of PSLNR to predict the presence of APLN. Statistical analysis was carried out through SPSS23.0 and the P-value was set at 0.05.




RESULTS


Patients' General Characteristics

A total of 245 cases of PTMC admitted to the Center for Thyroid and Breast Surgery from August 2013 to December 2016 were retrospectively analyzed; 184 cases were staging in cN0 according to the clinical physical examination and imaging examination. SLNB failed in five cases, while SLNB was successfully incorporated into the group in 179 cases (Figure 1), and the average operation time was 148 (128, 176) min. There was no iatrogenic death and 25 cases had temporary hypoparathyroidism (13.97%) and seven cases had permanent hypoparathyroidism (3.91%). The success rate of biopsy was 97.28% (179/184). The status of the lymph nodes is shown in Table 1.


[image: Figure 1]
FIGURE 1. Flow diagram of the selection of patients. SLNB, sentinel lymph node biopsy; CNM, central lymph node metastasis; APLN, additional positive lymph node.



Table 1. Detection of lymph nodes in thyroid microcarcinoma.
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One hundred and seventy-nine consecutive patients who were diagnosed with PTMC (33 males and 146 females) were included in this study. The average age is 45.84 ± 11.71 years old. According to postoperative pathology, patients were divided into the CNM group (56 patients) and the non-CNM group (123 patients). The differences in age and sex were not statistically significant between the two groups, but significantly larger cumulative tumor diameter (P = 0.001) and higher CI proportion (P = 0.003) were present in the CNM group than in the non-CNM group (Table 2).


Table 2. Univariate analysis of CNM in papillary thyroid microcarcinoma.
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Risk Factors of CNM

The risk factors were analyzed including age, sex, preoperative thyrotropin (TSH) level, CMD, single lesion location, and whether multifocal tumors, capsule involvement, and Hashimoto thyroiditis were present or not. Factors with statistical significance after screening by univariable regression analysis (P-value: entry 0.05, removal 0.10) were put into the multivariable regression model. The results showed that CMD (OR = 3.368, 95% CI: 1.049–10.809, P = 0.041) and CI (OR = 2.491, 95% CI: 1.200–5.169, P = 0.014) were independent factors predicting CCLN metastasis (Table 3).


Table 3. Multivariate analysis of CNM.
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The Value of SLNB in Predicting the CLN Status

There were 46 cases with SLN metastasis and 56 cases with central metastasis confirmed by postoperative pathological examination, and 26 cases with APLN were detected postoperatively but omitted by the biopsy. In 10 of the 26 cases, SLNB did not find any positive lymph nodes at all; in the other 16 cases, SLNB found part of the metastatic lymph node. Therefore, the SLN metastasis rate was 25.70% (46/179), the CCLN metastasis rate was 31.28% (56/179), and the APLN metastasis rate was 14.53% (26/179) (Table 4). The prediction value of the CCLN and APLN metastasis based on the SLNB is shown in Table 5. We further analyzed the predictive value of PSLNR in APLN using ROC curve analysis as shown in Figure 2. The results illustrated that when the PSLNR reached 0.2917, there was a higher risk of APLN metastasis (AUC = 0.861, P < 0.001). According to the status of APLN, 16 of 46 cases with SLN metastasis were positive (group A) and the other 30 cases were negative (group B). t-test illustrated that the PSLNR of group A was significantly higher (P < 0.001) as shown in Table 6. The results obtained using 0.2917 as the threshold to evaluate the predictive value of PSLNR for APLN status are shown in Table 7.


Table 4. Status of SLN, CCLN, and APLN.
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Table 5. Predictive value of SLN for CCLN and APLN metastasis.
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FIGURE 2. The ROC of PSLNR for predicting APLN. Area under the curve (AUC) was 0.861, P < 0.001, 95% CI (0.757, 0.966). The cutoff value was 0.2917 and the Youden index was 0.608. ROC, receiver operating characteristic curve; PSLNR, positive sentinel lymph node ratio; APLN, additional positive lymph node; AUC, area under the curve.



Table 6. PSLNR comparison between groups according to APLN.
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Table 7. The predictive value of PSLNR for the status of APLN.
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DISCUSSION

Our study analyzed retrospective data of 179 patients with PTMC. The results revealed that central lymph node metastasis was significantly associated with larger tumor size (or cumulative maximum diameter) and capsule involvement instead of any other poor clinicopathologic characteristics. Sentinel lymph node biopsy was satisfactory in evaluating central lymph node status. Of the patients with positive SLNB, additional metastatic lymph node was absent in patients with lower PSLNR. This finding may have the potential to change the strategy of central lymph node dissection.

Prophylactic central cervical lymph node dissection (CND) in patients with thyroid cancer is still controversial. Although the ATA guideline (2015 edition) states that thyroidectomy without prophylactic central neck dissection (PCND) is appropriate for small (T1 or T2), noninvasive, cN0 PTC (12), other guidelines take some more cautious and conservative viewpoints. The British Thyroid Association Guidelines for the Management of Thyroid Cancer (third edition) states that in the strategy of lymph node management for papillary microcarcinoma, PCND should be considered in patients with tumors that are multifocal, pT3, and with extrathyroidal spread. In such cases, personalized decision-making is recommended (13). The Thyroid Cancer Committee of the Chinese Anti-Cancer Association worked out the Expert Consensus of Diagnosis and Treatment for Papillary Thyroid Microcarcinoma (2016 edition). The consensus states that PCND is recommended for PTMC under the condition of technical support (8).

Li et al. (14) conducted a meta-analysis in which 25 studies with comparison between thyroidectomy + PCND and thyroidectomy alone were eligible and included. For both PTC and PTMC, the overall recurrence in the thyroidectomy + PCND group was significantly lower than that in the thyroidectomy alone group. The central compartment recurrence was significantly higher in the thyroidectomy alone group than in the thyroidectomy + PCND group (OR = 3.41, 95% CI: 2.00, 5.80, P < 0.00001). A meta-analysis including 14 studies published in Thyroid (15) suggested that the incidence of occult lymph node metastasis ranged from 23.5 to 82.4% and those who undergo thyroidectomy + PCND have a 35% reduction in risk of locoregional recurrence than those who undergo thyroidectomy alone. Meanwhile, the researchers also pointed out the bias of retrospective studies on the above conclusions. Feng et al. (16) published their study results in the journal of Frontiers in Endocrinology. They observed that 40.3% of the overt PTMC patients had lymph node involvement, which was consistent with the high rate of CNM (43 to 64%) of patients undergoing PCND in previous studies; thus, routine PCND could be recommended. A 60-year observation including 900 cases of thyroid microcarcinoma conducted by the Mayo Clinic found that one-third of cases of microcarcinoma had CNM at the time of initial treatment (17). Early studies suggested that CNM was related to local recurrence and distant metastases. The risk of cervical lymph node recurrence and distant metastasis increased 6.2-fold (P = 0.01) and 11.2-fold (P = 0.003), respectively, when CNM was present at diagnosis (18, 19). Most supporters believe that CND removes potential micrometastases, thereby reducing recurrence, improving survival, avoiding possible complications caused by secondary CND, and maintaining better postoperative low thyroglobulin, and it was more conducive to disease staging and planning the 131I dosage (20–22).

However, opponents of CND demonstrate that unnecessary central lymph node dissection not only fails to benefit patients significantly but also increases the risk of surgical complications. Ito et al. investigated the clinical significance of lymph nodes in the central compartment of 600 patients and found that neither ultrasound-diagnosed nor pathologically confirmed CNM affected the disease-free survival rate of PTMC patients (28). Wada et al. proposed that CND can increase the incidence of temporary recurrent laryngeal nerve injury, hypocalcemia, and postoperative bleeding based on the investigation of 259 thyroid microcarcinoma patients (24). Lee et al. found that the incidence of temporary hypoparathyroidism in thyroidectomy with or without CND was 36.6 and 20.3%, respectively, in a prospective randomized controlled study (P = 0.043) (25). A retrospective study including 1,087 patients suggested that bilateral CND significantly increased the incidence of permanent hypoparathyroidism (16.2%), and even unilateral CND increased the incidence of temporary hypoparathyroidism (36.1%) (26). Although the incidence rate of hypothyroidism was lower in our study than in previous studies, the results illustrated the same trend. Therefore, it is fairly necessary to effectively determine the status of cervical central lymph nodes intraoperatively and avoid unnecessary lymph node dissection.

Although imaging examination, especially high-resolution ultrasound, is helpful to evaluate the preoperative cervical lymph node status of thyroid microcarcinoma, the accuracy is only 48.3%, while the sensitivity for predicting central lymph node metastasis is only 22.6–55% (27). The potential risk factors of central lymph node metastasis of thyroid microcarcinoma, such as age, sex, tumor size, capsule invasion, tumor location, multifocal tumors, inflammation, and TSH level, have been analyzed by several studies. Older patients have a lower rate of lymph node metastasis than younger patients (28–31). Additionally, lymph node metastasis is more likely to occur in male patients (32–36). However, the difference of CCLN metastasis between age and sex was not significant in our study. The location of thyroid microcarcinoma is related to CCLN metastasis (24). Tumors located in the inferior one-third of the lobe and isthmus are risk factors of CCLN metastasis (37, 38). However, there was no consensus about the division of thyroid lobes. In our present study, the thyroid lobe was divided into three parts referred to the isthmus of the gland, but our results showed that there was no significant correlation between CCLN metastasis and the tumor location. It is confirmed that tumor size, capsule involvement or extraglandular invasion, and multifocal tumors are risk factors of CCLN metastasis (39–48). Consistent with our present results, capsule involvement and tumor size were independent risk factors according to the multivariate regression analysis. Previous studies suggested that CNM was more likely to occur when the tumor size exceeded a threshold (31, 39–41, 44, 45). We used a ROC curve to determine the cutoff value of cumulative maximum diameter of tumors for CNM prediction. The curve reached the inflection point when the cutoff value was 0.75; however, the area under curve was only 0.648. In our opinion, further studies are needed to quantify this risk factor. Microcarcinoma is just a morphological concept and defined as a carcinoma of 10 mm size and below in the greatest dimension regardless of other histological features. Neuhold et al. (49) found that about 10.8% patients with PTMC had a superficial localization of the tumor, and superficial localization was significantly associated with positive lymph node (42.9 vs. 15.3%, P = 0.006). Li et al. (47) found that capsular invasion was not rare (13.7%) and an important prognostic characteristic of CNM, which was consistent with the rate reported by previous studies (9.9–26.8%). Vasileiadis et al. (50) studied 276 cases of PTMC and found that the rate of thyroid capsular invasion was 7.2% (20/276) and capsule invasion was an independent risk factor for CNM. Additionally, of the patients with tumor size larger than 5 mm, the rate of capsular invasion was 23% significantly higher than that of patients with tumor size of 5 mm and below (P = 0.001). A currently retrospective chart review of 182 PTMC patients found that minimal extrathyroidal extension (ETE) rate was as high as 37.9% (69/182) (51). Some other researchers have divided PTMCs into two separate groups. The first group contains PTMCs with lymph node metastasis and distant metastasis or any other malignant tumor symptoms and is called the symptomatic group. The group without any cancer symptoms, such as CNM or distant metastasis, is called the asymptomatic group (52). Sugitani et al. presented that 38% of symptomatic PTMC patients had recurrence and 8% died of primary disease. Almost 78% had poor prognostic factors such as ETE, extranodal invasion, metastatic lymph node size above 20 mm, and anaplastic components in the primary tumor. In our study, the rate of capsule involvement was 60.89% (109/179) higher than that in other previous studies. Considering the nature of retrospective study, there could be some selection bias unavoidably. It was certain that at the level of collecting data, all the participants in our study strived for objectivity and all the enrolled cases were consecutive. We sent a special researcher to the pathology department in order to verify the postoperative pathological result of each case. Objectively, 94 of the patients with capsule involvement had a maximum (cumulative) tumor diameter >5 mm, and the other 15 patients had smaller tumor size. We suspected that the high ratio of capsule involvement was a result of the combination of relatively larger tumor size (>5 mm) and probably more superficial localization.

The initial observation of sentinel lymph nodes (SLN) of parotid tumor was reported in 1960 (53), and in 1977, Cabanas (54) put forward the concept of SLN in the diagnosis and treatment of penile cancer. As a standard surgical procedure, SLNB has been widely applied in the treatment of breast cancer, melanoma, etc. As early as 1970, Noguchi et al. proposed that CCLN is the first echelon of cervical lymph node metastasis of thyroid cancer (55) and then Kelemen et al. firstly applied SLNB in thyroid malignancy treatment in 1998 (56). Wada et al. proposed that for thyroid microcarcinoma, CNM most likely involved pretracheal lymph nodes, followed by the ipsilateral central area, while contralateral CNM accounted for only 18.9%, and real jump metastasis was rare (24). Mercante et al. (57) also proposed that Delphian lymph nodes were the earliest lymph nodes invaded by primary cancer, and their biopsies could accurately and comprehensively reflect the regional lymphatic metastasis of thyroid cancer. We proposed a hypothesis that SLNB could be a satisfactory change in practice based on the importance and limitation of CND. Our results showed that the sensitivity, specificity, false positive rate, false negative rate, positive predictive value, and negative predictive value of evaluating CCLN status by SLNB were 82.14, 100, 0, 17.86, 100, and 92.48%, respectively. Similar to our present study, Fang et al. (58) reported the application of nanocarbon suspension in SLNB, the PPV of SLNB to predict the CNM was 86.7%, the NPV was 85.7%, and the FNR was 14.3%, which demonstrated that SLNB had an important predictive value for CNM in microcarcinoma and non-microcarcinoma. Simultaneously, SLNB is effective in predicting the CNM of papillary thyroid microcarcinoma, with a sensitivity of 90%, specificity of 100%, NPV of 98%, and PPV of 100% (59). Amir et al. reported that in all of 157 cases with SLNB conducted, there were only three cases of false negative, of which one case found the APLN while the positive SLNs were found in other two cases in postoperative paraffin pathology. The results suggested that pathologists are important for SLNB accuracy and also suggested that the process of SLNB has already treated most of the potential metastatic lymph nodes (59). It is worth mentioning that the false negative rate of APLN is as high as 38.46% if only predicting APLN by SLN metastasis. In recent years, the numbers of lymph node metastases (60) and the lymph node metastasis rate (MLNR) were used to describe lymph node status. A study including 573 cases of microcarcinoma found that the MLNR was an independent factor predicting local recurrence. Lang et al. reported that a higher MLNR might indicate residual or recurrent lesions (61). Another study illustrated that MLNR ≥0.42 was a predicting factor of tumor-related death (62). Inspired by the published literature, we further analyzed the predictive value of the PSLNR for APLN. In our study, 46 SLNB positive cases were divided into two groups in detail previously, and the PSLNR of group A was higher significantly (P < 0.001). ROC curve analysis showed an effective predictive value of PSLNR. When PSLNR reached 0.2917, APLN more likely occurred. Our results make a point of view that when the PSLNR is lower than 0.2917, metastatic lymph node residue is less likely to occur. In conclusion, for the management of lymph nodes in PTMC patients with lower PSLNR, unilateral CND even SLNB might be sufficient and safe.

Our study has some limitations: this was a single-center retrospective study; a multicenter study with a larger number is necessary to further confirm the value of SLNB in thyroid microcarcinoma. Among the 179 cases of PTMC included in our study, a longer follow-up period was necessary to discuss the relationship between SLNB and survival and recurrence.

In conclusion, tumor size and capsule involvement are independent risk factors for central lymph node metastasis in PTMC. Intraoperative SLNB can effectively predict the status of central cervical lymph nodes and reduce the risk of residual metastatic lymph nodes, as well as avoid unnecessary lymph node dissection in thyroid carcinoma patients.
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