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Aim: To explore the predictive value of lymph node ratio (LNR) for the prognosis of medullary thyroid carcinoma (MTC) patients, and constructed prediction models for the 5-year, 10-year and 20-year mortality of MTC patients based on LNR and other predictors.



Methods: This cohort study extracted the data of 2,093 MTC patients aged ≥18 years undergoing total thyroidectomy and neck lymph nodes dissection. Kaplan-Meier curves and log-rank tests were performed to compare survival curves between LNR < 15% group and LNR ≥ 15% group. All data was divided into the training set (n = 1,465) and the testing set (n = 628). The random survival forest model was constructed in the training set and validated in the testing set. The area under the curve (AUC) was employed for evaluating the predictive ability of the model.



Results: The 5-year, 10-year and 20-year overall survival (OS) and cause-specific survival (CSS) of MTC patients with LNR <15% were higher than those with LNR ≥15%. The OS was 46% and the CSS was 75% after 20 years' follow-up. The AUC of the model for the 5-year, 10-year, and 20-year OS in MTC patients was 0.878 (95%CI: 0.856–0.900), 0.859 (95%CI: 0.838–0.879) and 0.843 (95%CI: 0.823–0.862) in the training set and 0.845 (95%CI: 0.807–0.883), 0.841 (95%CI: 0.807–0.875) and 0.841 (95%CI: 0.811–0.872) in the testing set. In the training set, the AUCs were 0.869 (95%CI: 0.845–0.892), 0.843 (95%CI: 0.821–0.865), 0.819 (95%CI: 0.798–0.840) for the 5-year, 10-year and 20-year CCS in MTC patients, respectively. In the testing set, the AUCs were 0.857 (95%CI: 0.822–0.892), 0.839 (95%CI: 0.805–0.873) and 0.826 (95%CI: 0.794–0.857) for the 5-year CCS, 10-year CCS and 20-year CCS in MTC patients, respectively.



Conclusion: The models displayed good predictive performance, which might help identify MTC patients might have poor outcomes and appropriate interventions should be applied in these patients.
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Introduction

Medullary thyroid carcinoma (MTC) is a kind of thyroid cancer neuroendocrine tumor (NET) arising from the thyroid parafollicular C-cells (1). Among them, 75% of the cases are sporadic (75% of cases) and 25% of them are in a hereditary pattern (2). MTC is a rare form of thyroid cancers with the prevalence of 1 to 10% in all thyroid cancers (3). The mean survival of MTC patients was about 8.6 years and the 10-years survival rates varied from 69 to 89% (4). Previous studies indicated that the prognosis of MTC might be correlated with various factors such as gender, age at diagnosis, lymph node metastases, and treatments (5). To deep explore the related predictors for MTC prognosis is essential for the prevention of poor outcomes in those patients.

Lymph node ratio (LNR) is defined as the number of positive lymph nodes divided by the number of lymph nodes resected, which is widely accepted as a potential prognostic factor in tumors (6–8). Renaud et al. also indicated that LNR had superior performance over number of lymph node involved for the prognostic prediction in colorectal carcinoma (9). LNR is an index reflecting the extent of tumor, which harbors a high value suggesting the tumor stage and prognosis (10). LNR is calculated based on the number of resected lymph nodes, which also reflects the extent of surgery (11). LNR is an index not only representing the burden of tumors but also reflecting the surgical and pathological quality standards (12). Currently, there were studies exploring the predictive ability of the number of positive lymph nodes on the prognosis of MTC (13). A multi-center cohort study also reported the association of LNR and the prognosis of MTC patients (14). The predictive value of LNR for the short, and long term outcomes of MTC patients was still unclear.

Random forests model is a novel machine learning technique attracting increasing attention due to its excellent performance and great flexibility in handling all types of data, including “big data.” (15). Random forests with a survival outcome are known as random survival forests, which can obtain the cumulative hazard functions for each tree based on 36.8% of the data that were not applied to grow it for greater accuracy and averaged across trees to get a final forest cumulative hazard function for each observation (16). Previously, random survival forests model was widely employed to analyze survival problems with great success such as overall survival after esophagectomy (17) or survival of patients with breast cancer (18). Compared to traditional Kaplan-Meier and Cox proportional hazards regression analyses, random survival forests model requires less-restrictive assumptions and is able to accommodate various kinds of predictors and interactions among them (19). Random survival forests can analyze high-dimensional data sets when the predictors are more than the sample size of the data (20). Random survival forests modeling can provide its own internal generalization error estimate as well as measures of variable importance for each variable included in the model. To our knowledge, there was no study using random survival forests for predicting the survival of MTC patients.

The purpose of this study was to explore the predictive value of LNR for the prognosis of MTC patients, and constructed a prediction model for the 5-year, 10-year and 20-year mortality of MTC patients based on lymph node ratio and other predictors. The findings of our study might provide a tool for identifying MTC patients at high risk of mortality, and offer timely interventions for improving the outcomes of these patients.



Methods


Study design and population

In total, this cohort study extracted the data of 2,701 MTC patients aged ≥18 years who underwent total thyroidectomy and neck lymph nodes dissection from SEER database (www.seer.cancer.gov) (SEER 9 Registries Dataset, SEER 13 Registries Dataset and SEER 18 Registries Dataset). SEER database is a freely-accessed cancer database involving approximately 28% of the US population (21). Patients data including demographic data, primary tumor data, regional nodal data, vital status, and survival were available in SEER database. SEER-Stat (version 8.3.5, National Cancer Institute, USA) was applied for filtering and collecting the data of eligible patients. MTC patients were identified from SEER database based on the International Classification of Diseases for Oncology (ICD-O): 8345/3. After excluding duplicate patients, those with overall survival <1 month and LNR could not be calculated, 2,093 patients were finally analyzed.



Potential predictors

Gender, age (years), race [White, Black, others (American Indian/AK Native, and Asian/Pacific Islander) or unknown], marital status (married, single, others or unknown), year of diagnosis (1975–1979, 1980–1989, 1990–1999, 2000–2009 or 2010–2017), tumor size (<40 mm, ≥40 mm or unknown), stage (localized, regional, distant or unknown), radiation (yes or no), chemotherapy (yes or no), regional nodes positive (0, 1–10 or >10), and regional nodes examined (0, 1–10 or >10).



Main variable and outcome variables

LNR was the main variable in the current study, which was defined as the number of metastatic lymph nodes divided by the number of lymph nodes resected, also known as the lymph node yield. The cutoff value of LNR was set as 15% based on a previous study (14).

Overall survival (OS) and cause-specific survival (CSS) were outcome variables in this study. OS refers to the period from the time of surgery to the death of any cause or the date of the last follow-up, while CSS was calculated from the time of operation to the date of cancer-related death or the time of last follow-up. Whether the patients were alive or death, as well as whether patients were died of other causes or MTC were identified in 5 years' follow-up, 10 years' follow-up and 20 years' follow-up.



Establishment of the random survival forest model

Random survival forest model was an ensemble tree method for the analysis of OS of MTC patients. Trees in a survival forest are grown through a two-step randomization process randomly. First, each tree is grown in a randomly drawn bootstrap sample (training set). Second, random variable selection is employed when growing the tree. At each split, a new random subset of candidate variables is selected. The bootstrap sample, including for each tree a random subset of the study population, can be seen as the root of the tree. During the tree-growing process, the root is split into two branches. The branch is split using the variable, from the randomly selected subset of candidate variables, that indicates the largest survival difference between daughter branches. Averaging over trees in combination with the randomization used in growing a tree creates an ensemble of independent trees that form the random survival forest.



Statistical analysis

Quantitative variables were described in terms of mean ± standard deviation (mean ± SD) or M (Q1, Q3), while qualitative variables were displayed as n (%). t test or Kruskal-Wallis test were selected for comparisons of quantitative variables and Chi-square test or Fisher's exact probability method were applied for comparing differences of qualitative variables between groups. Kaplan–Meier curves and log-rank tests were performed to compare survival curves between LNR <15% group and LNR ≥15% group. All data was divided into the training set (n = 1,465) and the testing set (n = 628). The random survival forest model was constructed in the training set through the randomForestSRC package, and 500 binary survival trees were generated each time. The data in the testing set were used for validate the results in the training set. The area under the curve (AUC) was employed for evaluating the predictive ability of the model. P < 0.05 was set as statistical difference. R 4.1.1 (Institute for Statistics and Mathematics, Vienna, Austria) was utilized for data analysis.




Results


The baseline characteristics of participants

This study collected the data of 2,701 MTC patients. After removing duplicative cases (n = 385) and excluding patients with the OS < 1 month (n = 72) and those could not calculate LNR ratio (n = 151), 2,093 patients were finally included. The screen process was shown in Figure 1. All data were classified into the training set (n = 1,465) and the testing set (n = 628).


[image: Figure 1]
FIGURE 1
The screen process of the participants.


Among all the participants, 38% of them were males and 61% of them were females. The median age of all patients were 53 years old. As for tumor size, the tumor size of 1,188 patients were <40 mm, accounting for 56.8% of all participants, and the tumor size of 216 people were ≥40 mm, accounting for 10.3% of all patients. 371 subjects received radiation and 90 patients received chemotherapy. 49.3% people without positive regional nodes, 17.5% had 0–10 positive regional nodes and 5.0% patients had >10 positive regional nodes. There were 1,697 people with the LNR <15% and 396 subjects with the LNR ≥15% (Table 1).


TABLE 1 The baseline characteristics of the participants.

[image: Table 1]



Construction of the prediction model for the 5-year, 10-year and 20-year Os and CSS of MTC patients

The predictors for the 5-year, 10-year and 20-year OS and CSS of MTC patients were explored based on the variable importance using random forest model. Important variables associated with the 5-year, 10-year and 20-year OS of MTC patients were age, tumor stage, tumor size, radiation, marriage, sex and LNR (Table 2). As for predictors associated with the 5-year, 10-year and 20-year CSS of MTC patients, stage, age, radiation, chemotherapy, tumor size, and LNR were important variables (Table 2).


TABLE 2 The top six important variables associated with the OS and CSS in MTC patients.

[image: Table 2]

As displayed in Figure 2, the 5-year OS in the LNR <15% group was about 85%, and in the LNR ≥15% group was about 75%. The 10-year OS was about 75% in the LNR <15% group and 50% in the LNR ≥15% group. The 20-year OS was about 60% in the LNR <15% group and 35% in the LNR ≥15% group. The 5-year, 10-year and 20-year OS of MTC patients with LNR <15% were significant higher than those with LNR ≥15%, respectively. In terms of cause-specific survival, the 5-year (90% vs. 75%), 10-year (85% vs. 65%) and 20-year (80% vs. 50%) CCS in the LNR <15% group were higher than the LNR ≥15% group (Figure 3).


[image: Figure 2]
FIGURE 2
The Kaplan–Meier curve of the OS in LNR <15% and LNR ≥15% groups.
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FIGURE 3
The Kaplan–Meier curve of the CSS in LNR <15% and LNR ≥15% groups.




The predictive value of the random forest model for predicting the 5-year, 10-year and 20-year Os and CSS in MTC patients

The AUC of the model for the 5-year OS in MTC patients was 0.878 (95%CI: 0.856–0.900) in the training set and 0.845 (95%CI: 0.807–0.883) in the testing set (Supplementary Figures S1A, S2A). As for the prediction model for the 10-year OS, the AUC was 0.859 (95%CI: 0.838–0.879) in the training set and 0.841 (95%CI: 0.807–0.875) in the testing set (Supplementary Figures S1B, S2B). The AUC was 0.843 (95%CI: 0.823–0.862) in the training set and 0.841 (95%CI: 0.811–0.872) in the testing set of the prediction model for 20-year OS in MTC patients (Supplementary Figures S1C, S2C). More detailed information of the model was shown in Table 3.


TABLE 3 The predictive ability of the random forest models for the 5-year, 10-year and 20-year OS or CSS in MTC patients.
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In the training set, the AUCs were 0.869 (95%CI: 0.845–0.892), 0.843 (95%CI: 0.821–0.865), 0.819 (95%CI: 0.798–0.840) for the 5-year CCS, 10-year CCS and 20-year CCS in MTC patients, respectively (Supplementary Figures S3A–C). In the testing set, the AUCs were 0.857 (95%CI: 0.822–0.892), 0.839 (95%CI: 0.805–0.873) and 0.826 (95%CI: 0.794–0.857) for the 5-year CCS, 10-year CCS and 20-year CCS in MTC patients, respectively (Supplementary Figures S4A–C). The sensitivity, specificity, PPV, NPV and accuracy of the models were exhibited in Table 3.




Discussion

In the present study, the data of 2,093 MTC patients aged ≥18 years who underwent total thyroidectomy and neck lymph nodes dissection were evaluated to identify the predictors for the 5-year, 10-year, 20-year OS and CSS of MTC patients. The data delineated that age, stage, chemotherapy, radiation, tumor size and LNR were associated with 5-year, 10-year, 20-year OS and CSS of MTC patients. The prediction models were established based on these predictors, and the predictive abilities of the models for 5-year, 10-year, 20-year OS and CSS of MTC patients were good. The findings of our study might provide a tool for quickly identifying MTC patients who at high risk of death and timely interventions might be offered in these patients. For patients with old age, high tumor stage, large tumor size, and especially high LNR, more attention should be paid. For the treatments, chemotherapy and radiation might be provided if necessary.

In the present study, we found that LNR was related to the prognosis of patients with MTC. MTC patients with LNR <15% had significantly lower OS and CCS than those with LNR ≥15%. LNR was widely identified as a prognostic factor for MTC patients. A retrospective multicenter study from Rozenblat et al. showed that LNR was an independent factor for disease-free survival of MTC patients (14). Wu et al. identified that LNR >1/3 were more likely to develop progressive disease in patients with MTC (22). Chen et al. conducted a study based on that data of 1,237 MTC patients from the SEER revealed that LNR was a predictor for the prognosis of MTC patients (23). Another study involved in 163 MTC patients reported that LNR were a significant predictor of loco-regional recurrence or persistent disease in MTC (24). In our study, age was also found to be a predictor for the 5-year, 10-year and 20-year OS and CSS of MTC patients. This was allied by a study from Gogna et al., which depicted that increasing age was detrimental to OS of patients with MTC aged ≥45 years (25). Tumor size was another predictor for the 5-year, 10-year and 20-year OS and CSS of MTC patients in this study. Previous studies validated the findings, which showed that larger tumor size might lead to higher risk of tumor recurrence (26) and the tumor size was linked to a reduced survival trend (27). An evaluation of adherence with the 2009 American Thyroid Association Guidelines indicated that the prognosis of MTC patients depends on the stage of the disease at diagnosis (28). Wu et al. also found that MTC patients at stage I, II, and III had more favorable outcomes than those at stage IV (22). These gave support to the results of the current study, which delineated that tumor stage was an important index of the prognosis of MTC patients. In a previous study, the results revealed that stereotactic radiotherapy was an effective treatment for MTC patients (29). Other studies showed controversial results as radiotherapy was found to be effective for local control and whether postoperative radiotherapy affects the survival of MTC patients still lacked convincing evidence (30). The efficacy and safety of chemotherapy in the treatment of MTC was also confirmed in previous studies (31). While another study revealed that surgery and radiation was associated with higher mortality rate in patients in high tumor stage than surgery only (32). Herein, radiation and chemotherapy were predictors for the 5-year, 10-year and 20-year OS and CSS of MTC patients. For MTC patients, appropriate radiation or chemotherapy should be applied to after evaluating the status of patients. For those without proper conditions, radiation or chemotherapy should be performed with caution.

This study established two prediction models for the 5-year, 10-year and 20-year OS and CSS of MTC patients based on the above predictors, respectively. In 2015, Ho et al. constructed a postoperative nomogram for predicting the CSS in MTC patients (33). The nomogram used the predictors including age, gender, pre- and postoperative serum calcitonin, pre- and postoperative carcinoma embryonic antigen, rearranged during transfection mutation status, perivascular invasion, margin status, pathologic T status, pathologic N status, and M status, which showed a concordance index of 0.77. Another prediction nomogram for 5-year OS, and CSS in MTC patients was also established, and the predicted concordance index of OS and CSS was 0.813 and 0.828 in the testing group, respectively (23). In the present study, the AUCs for the 5-year, 10-year and 20-year OS in MTC patients were 0.845, 0.841, and 0.841 and for the 5-year, 10-year and 20-year CCS in MTC patients were 0.857, 0.839 and 0.826in the testing set, respectively. The models presented good discriminative ability for MTC patients with high risk of mortality. In addition, the specificity, NPV and the accuracy of the models were good, indicating the models might provide a tool for quickly identifying MTC patients who might have high risk of death within 5 years, 10 years and 20 years. We have uploaded the model onto the GitHub (https://github.com/caoqiumei/project), and clinicians can freely use our prediction model online. For those who were predicted with high risk of mortality, the clinicians might provide timely treatments and hope to improve the short, and long term outcomes in those patients. Several limitations existed in our study. Firstly, no genetic information could be obtained due to the limitation of data in SEER database, and we could not identify the subtypes of MTC in patients. Secondly, the random survival forest model could only identify the association between variables and outcomes, but the direction of each variable on the outcome was not clear. In this study, we combined the results of our study with Cox's proportional hazard analyses to identify the direction of each variable on the outcome (Supplementary Figures S5, S6) and provide reference for the treatments and interventions in clinic.



Conclusion

This study constructed prediction models for the 5-year, 10-year, 20-year OS and CSS of MTC patients based on age, stage, chemotherapy, radiation, tumor size and LNR. The models displayed good predictive performance, which might help identify MTC patients might have poor outcomes and appropriate interventions should be applied in these patients.
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