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Background

Prophylactic central lymph node dissection (PCLND) for adult patients with papillary thyroid carcinoma (PTC) is still a matter of debate. Data on incidence, risk and benefits of PCLND in Middle Eastern patients is lacking. Therefore, we aimed to identify the incidence and predictive clinico-pathological and molecular marker of PCLND in adult patients with clinically node negative (cN0) Middle Eastern PTC.



Methods

This retrospective study included 942 adult Middle Eastern patients with cN0 PTC who underwent total thyroidectomy (TT) or TT+PCLND. Clinico-pathological associations of central lymph node metastasis (CLNM) were assessed. Multivariate analysis was performed using logistic regression and Cox proportional hazards model.



Results

213 patients underwent PCLND and 38.0% (81/213) had positive CLNM. Multivariate analysis demonstrated age ≤55 years (Odds Ratio (OR) = 7.38; 95% Confidence Interval (CI) = 1.59 – 34.31; p = 0.0108), tumor bilaterality (OR = 3.01; 95% CI = 1.01 – 9.21; p = 0.0483), lymphovascular invasion (OR = 2.92; 95% CI = 1.18 – 7.23; p = 0.0206) and BRAF mutation (OR = 3.24; 95% CI = 1.41 – 7.49; p = 0.0058) were independent predictors of CLNM in adult PTC. Furthermore, patients who underwent PCLND showed significant association with improved recurrence-free survival (RFS; p = 0.0379). Multivariate analysis demonstrated that PCLND was an independent predictor of improved recurrence-free survival.



Conclusions

cN0 Middle Eastern PTC patients treated with PCLND showed a significantly better prognosis. PCLND was effective in improving RFS in Middle Eastern PTC patients and should be encouraged for patients with potential risk factors for CLNM.
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Introduction

During the past two decades, the incidence of thyroid cancer has continually increased (1, 2). Papillary thyroid carcinoma (PTC) accounts for the majority of thyroid cancers (3). PTC has become the second most prevalent carcinoma among women in Saudi Arabia (4). Most PTC patients have an excellent prognosis (5). However, despite this favorable outcome, PTC is prone to spread to the central lymph node (CLN). In fact, 20 – 40% of PTC patients have been reported to have CLN metastasis (CLNM) even in clinically node negative patients (6–9).

The incidence of occult node metastasis is high and reaches up to 90% according to several reports (10–13). Furthermore, CLNM have been reported to increase the risk of recurrence and disease-specific mortality (14–16). Recurrence in PTC remains a big challenge and affects the optimal therapeutic strategy for PTC patients. Although central lymph node dissection (CLND) is recommended for patients who are suspected of CLNM in preoperative evaluation, there are still no clear guidelines for CLND for patients with clinically node negative (cN0) PTC.

In surgical treatments, prophylactic CLND (PCLND) for patients with PTC is still a controversial issue. Some studies have shown that PCLND could be beneficial in terms of reducing locoregional recurrence and thus improving the disease-free survival. In addition, PCLND could also help in more precise staging of PTC, since nodal positivity could convert patients from cN0 to pN1a, leading many patients over 55 years of age from AJCC stage I to AJCC stage III, which in turn changes the therapeutic choices (17–20). However, other studies consider the risk of postoperative complications (such as laryngeal nerve injury and hypoparathyroidism) following PCLND to outweigh the potential benefits, and thus do not recommend the routine use of PCLND in PTC (21–24). Although the American Thyroid Association (ATA) Guidelines suggest PCLND be considered, especially for PTC patients who present with advanced tumors (T3 and T4) (25), the endocrine community is still debating the guidelines suggestion data.

However, the benefits of PCLND in Middle Eastern patients with cN0 PTC has not been fully explored. Therefore, we conducted this retrospective study on a large cohort of Middle Eastern PTC to identify both the incidence and the predictive parameters of CLNM in cN0 PTC patients. We then assessed, for the first time, the benefit of PCLND with clinically node negative PTC in reducing the incidence of recurrent disease and improving patient outcome. Data from this study may give additional guidance on the surgical and therapeutic decision for PTC patients from Middle Eastern ethnicity.



Materials and Methods


Patient Selection

Nine hundred and forty-two PTC patients diagnosed between 1988 and 2018 at King Faisal Specialist Hospital and Research Centre (Riyadh, Saudi Arabia) were included in the study. Inclusion criteria were: 1) PTC confirmed by fine needle aspiration cytology; 2) no evidence of lymph node metastasis at either clinical examination or on ultrasound; and 3) more than 18 years of age. The Institutional Review Board of the hospital approved this study and the Research Advisory Council (RAC) provided waiver of consent under project RAC # 221 1168 and # 2110 031.



Clinico-Pathological Data

Patients underwent total thyroidectomy with (n = 213) or without (n = 729) PCLND. PCLND was performed in patients with clinically uninvolved central neck lymph nodes (cN0) who had advanced primary tumors (T3 or T4) or clinically involved lateral neck nodes (cN1b), or if the information could be used to plan further steps in therapy, in accordance with the 2015 ATA guidelines (25). Baseline clinico-pathological data were collected from case records and have been summarized in Table 1. Clinico-pathological data included patients’ age at diagnosis, gender, histologic subtype, tumor laterality, focality, extrathyroidal extension, lymphovasular invasion, tumor size, central lymph node status, stage and tumor recurrence. Staging of PTC was performed using the eighth edition of AJCC staging system. Only structural recurrence (local, regional or distant) was considered for analysis. Recurrence was defined as any newly detected tumor (local or distant) or metastatic regional lymph node (LN) based on ultrasound and/or imaging studies in patients who had been previously free of disease following initial treatment. Risk categories were defined based on 2015 ATA guidelines (25).


Table 1 | Clinico-pathological and molecular characteristics of adult papillary thyroid carcinoma.





BRAF and TERT Mutation Analysis

BRAF and TERT mutation data was assessed in our laboratory by Sanger sequencing and has been published by us previously (26, 27).



Follow-Up and Study Endpoint

Patients were regularly followed by both physical examinations and imaging studies to identify tumor recurrence. The median follow-up was 9.1 years (range 1.0 – 30.1 years). Recurrence-free survival (RFS) was defined as the time (in months) from date of initial surgery to the occurrence of any tumor recurrence (local, regional or distant). In case of no recurrence, date of last follow-up was the study endpoint for RFS.



Statistical Analysis

The associations between clinico-pathological variables was performed using contingency table analysis and Chi square tests. Mantel-Cox log-rank test was used to evaluate recurrence-free survival. Survival curves were generated using the Kaplan-Meier method. Logistic regression and Cox proportional hazards model were used for multivariate analysis. Clinico-pathological variables adjusted in multivariate analysis were age, sex, histology, laterality, focality, extrathyroidal extension, lymphovascular invasion, pT, pN, stage, BRAF mutation and TERT mutation. Two-sided tests were used for statistical analyses with a limit of significance defined as p value < 0.05. All data analyses were performed using the JMP14.0 (SAS Institute, Inc., Cary, NC) software package.




Results


Patient and Tumor Characteristics

Median age of the study cohort was 40.0 years (range = 18.1 – 89.0 years), with a male: female ratio of 1:3.3. Classical variant PTC was the predominant histologic subtype, accounting for 60.0% (565/942) of all cases, followed by follicular variant (22.7%; 214/942) and tall cell variant (9.7%; 91/942). Extrathyroidal extension was noted in 34.2% (322/942) of cases and lymphovascular invasion in 21.0% (198/942). 45.5% (429/942) of PTCs were multifocal and 27.2% (256/942) were bilateral. 80.0% (754/942) of PTC patients in our cohort received radioactive iodine (RAI) therapy. Tumor recurrence was noted in 13.3% (125/942) of the entire cohort (Table 1). However, among the 213 patients who underwent PCLND, tumor recurrence was seen in only 8.5% (18/213) (Table 2).


Table 2 | Clinico-pathological characteristics stratified by central lymph node metastasis (CLNM) status in adult cN0 PTC patients who underwent prophylactic central lymph node dissection.





Clinico-Pathological Associations of CLNM

Of the 213 PTC patients that underwent PCLND, CLNM was noted in 38.0% (81/213) of cases. Presence of CLNM in these patients was significantly associated with adverse clinico-pathological risk factors, such as tall cell variant (p = 0.0001), bilateral tumors (p = 0.0364), multifocality (p = 0.0060), lymphovascular invasion (p = 0.0290) and BRAF mutation (p < 0.0001). Interestingly, we also found that CLNM was associated with younger age (< 55 years; p = 0.0106) and female sex (p = 0.0407). CLNM was also found to be more frequent in PTCs with extrathyroidal extension, although the difference was not statistically significant (p = 0.0811) (Table 2).



Risk Factors Predicting CLNM

We analyzed the clinico-pathological risk factors that could independently predict CLNM in patients undergoing PCLND. Using multivariate logistic regression analysis, we found age < 55 years (Odds ratio (OR) = 7.38; 95% Confidence interval (CI) = 1.59 – 34.31; p = 0.0108), bilateral tumors (OR = 3.01; 95% CI = 1.01 – 9.21; p = 0.0483), lymphovascular invasion (OR = 2.92; 95% CI = 1.18 – 7.23; p = 0.0206) and BRAF mutation (OR = 3.24; 95% CI = 1.41 – 7.49; p = 0.0058) to be independent predictors for CLNM (Table 3).


Table 3 | Independent predictors of central lymph node metastasis by multivariate logistic regression analysis.



We next to sought to determine if the combination of BRAF mutation with any of the other independent clinical parameters leads to better prediction of CLNM. We found that BRAF + age < 55 years had a better predictive value compared to age alone (OR – 3.91 vs. 2.67). Similarly, BRAF + bilateral tumors had a better predictive value compared to bilateral tumors alone (OR – 2.52 vs. 1.88) and BRAF + lymphovascular invasion had a better predictive value compared to lymphovascular invasion alone (OR – 3.97 vs 1.98) (Table 4).


Table 4 | Combination of BRAF mutation and other risk factors as predictors of central lymph node metastasis.





Prognostic Impact of PCLND

We found that cN0 patients undergoing PCLND had a significantly reduced recurrence rate compared to patients who did not undergo PCLND (8.5% vs. 14.7%; p = 0.0138). To determine whether performing PCLND truly had an impact on recurrence, we analyzed the recurrence-free survival using Kaplan Meier curves and multivariate Cox proportional hazards model. Kaplan Meier curves showed that patients undergoing PCLND had a significantly better recurrence-free survival compared to those who did not (p = 0.0379; Figure 1). On multivariate analysis, PCLND was found to be an independent predictor of improved recurrence-free survival (Hazard ratio = 0.36; 95% confidence interval = 0.20 – 0.63; p = 0.0002) (Table 5).




Figure 1 | Recurrence-free survival analysis of prophylactic central lymph node dissection (PCLND) in clinically node negative (cN0) PTC. Kaplan Meier survival plot showing statistically significant improved recurrence-free survival in patients undergoing PCLND compared to those that did not (p = 0.0379).




Table 5 | Independent predictors of recurrence-free survival in papillary thyroid carcinoma.






Discussion

PTC is common in Middle Eastern population with favorable long term prognosis (4, 28, 29). The fundamental therapy of PTC is surgery. When macroscopic nodal disease is present, either detected on imaging preoperatively or identified intraoperatively, lymph node dissection is the ideal management (25, 30, 31) due to the heightened risk of recurrence. However, the management of microscopic lymph node involvement, which is present in subset of patients, is unclear (32–34). The indications for prophylactic central neck dissection in patients with cN0 remains a subject of debate in PTC surgical management (12, 20, 35). The prevalence and the predictors of central nodal metastasis of cN0 Middle Eastern PTC have not been explored. Therefore, we aimed in this work to evaluate the incidence and the predictive factors of CNLM of cN0 in Middle Eastern PTC and focused our attention on the effect of PCNLD in patient’s prognosis.

In this study, we included 942 adult PTC patients with clinically uninvolved lymph nodes (cN0). PCLND was performed in 22.6% (213/942) patients while thyroidectomy alone was performed in 77.4% (729/942) of the PTC patients. Among those who underwent PCLND, 38% (81/213) of PTC patients were found to have CLNM by histopathology post-operative result, which implies that occult metastatic lymph nodes would have remained undetected if PCLND was not performed. This is of great clinical value for PTC patients from Middle Eastern ethnicity where recurrence rate is relatively high (36–38). Even in this cohort, which included only cN0 PTCs, recurrence rate was 13%. Presence of occult LNM and incomplete CLND could be attributed to this high recurrence rate. The recurrence rate dropped to 8.5% in patients who underwent PCNLD. Thus, we attempted to estimate the risk factors of CLNM and identify accurate predictors of CNLM in this population.

The age factor was found to have great impact on lymph node metastasis in PTC. Previous study has shown that CLNM is significantly higher in younger (<45 years) patients (39). Another recent study conducted on Chinese PTC cohort suggested patients ≤ 35 years old are more vulnerable to CLNM (8). In our study, we used the age cut off of 55 years according to the recent AJCC criteria, and found that age was predictive of occult CLNM, with patients aged < 55 were more likely to have occult CLNM (p = 0.0106). Moreover, we found that age was an independent risk factor for CLNM in cN0 adult patients with PTC (OR = 7.38; 95% CI = 1.59 – 34.31; p = 0.0108). Gender was previously reported to influence the LN metastasis, with male patients considered to have higher risk for CLNM than female patients (8, 9, 40). The risk differences might possibly be explained by the different levels of hormone in females and males. However, our study showed opposite result where CLNM is higher in female PTC patients. However, gender was not an independent predictive factor for CLNM in multivariate analysis.

Among the clinico-pathological markers that were assessed before and during surgery, we found that tumor bilaterality and lymphovascular invasion were independent predictors for CLNM in cN0 PTC. In agreement with our finding, lymphovascular invasion has been reported to adversely influence PTC biological behavior with regards to CLNM and survival (41–43). While some previous reports have documented the association between tumor bilaterality and LNM as well as local-regional recurrence (44–46), others did not consider bilateral PTC as an independent prognostic factor (47).

Advances in translational medicine have highlighted the prognostic impact of novel genetic alterations in PTC. We sought to investigate the usefulness of these molecular markers (TERT and BRAF mutations) as predictors for CLNM, since alterations of both genes are common in PTC and known to be associated with PTC aggressiveness, recurrence and metastasis (27, 48–50). In our study, we could not find association between TERT mutations and CLNM in cN0 PTC. However, we found BRAF mutation to be an independent predictor of occult CLNM (OR = 3.24; 95% CI = 1.41 – 7.49; p = 0.0058). Interestingly, we found that combining BRAF mutation with any of the other independent clinical parameters identified in this study, could increase the prediction power for CLNM. This could help in more accurate stratification of PTC patient into distinct risk groups and help in better therapeutic approach and outcome.

Considering the ATA risk stratification for structural recurrence, patients with CLNM were more often classified in the intermediate and high risk group. This is consistent with Medas et al. (17), where CLNM was significantly associated with ATA intermediate risk. This might be attributed to the PCLND which usually allows better assessment of LN and more accurate staging. Importantly, patients who underwent PCLND showed significantly better recurrence free survival. Moreover, multivariate analysis showed that PCLND was an independent predictor of better RFS regardless of other clinico-pathological variables. This is of high clinical importance since it shows the benefit from aggressive surgery in modifying the outcome of the disease and significantly improved the recurrence free survival in Middle Eastern PTC patients, where recurrence rate is relatively high. In concordance with our findings, two previous meta-analyses conducted on PTC patients from different ethnicity have shown that PCLND is beneficial in reducing risk of recurrence (51, 52).

There are several limitations of this study. Firstly, it is a retrospective single institute study, so selection bias should be considered. Secondly, this study lacks information about post-surgical risk of hypothyroidism and laryngeal nerve injury. Thirdly, all the patients included were from Middle Eastern ethnicity, so applying conclusions to other races should be done with caution.

In summary, CLNM occurred in 38.0% of cN0 adult PTC patients undergoing PCLND; multivariate logistic regression analysis revealed age, tumor bilaterality, lymphovascular invasion and BRAF mutations as independent risk factors for CLNM in adult PTC patients. In addition, our work succeeded in demonstrating better prognosis in patients who underwent PCLND and performing PCLND was an independent marker to improve the RFS. We believe that, in adult Middle Eastern patients with these risk factors, PCLND should be performed in order to reduce the risk of CLNM and to improve patients’ outcome.
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