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Purpose

Development and validation of a nomogram for the prediction of lateral lymph node metastasis (LLNM) in medullary thyroid carcinoma (MTC).



Methods

We retrospectively reviewed the clinical features of patients with MTC in the Surveillance, Epidemiology, and End Results (SEER) database between 2010 and 2017 and in our Department of Surgical Oncology, Hangzhou First People’s Hospital between 2009 and 2019. The log‐rank test was used to compare the difference in the Kaplan–Meier (K–M) curves in recurrence and survival. The nomogram was developed to predict the risk of LLNM in MTC patients. The prediction efficiency of the predictive model was assessed by area under the curve (AUC) and concordance index (C-index) and calibration curves. Decision curve analysis (DCA) was performed to determine the clinic value of the predictive model.



Result

A total of 714 patients in the SEER database and 35 patients in our department were enrolled in our study. Patients with LLNM had worse recurrence rate and cancer-specific survival (CSS) compared with patients without LLNM. Five clinical characteristics including sex, tumor size, multifocality, extrathyroidal extension, and distant metastasis were identified to be associated with LLNM in MTC patients, which were used to develop a nomogram. Our prediction model had satisfied discrimination with a C-index of 0.825, supported by both training set and internal testing set with a C-index of 0.825, and 0.816, respectively. DCA was further made to evaluate the clinical utility of this nomogram for predicting LLNM.



Conclusions

Male sex, tumor size >38mm, multifocality, extrathyroidal extension, and distant metastasis in MTC patients were significant risk factors for predicting LLNM.
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Introduction

In recent years, thyroid carcinoma has exhibited the rapidest increase in incidence among solid tumors (1). Thyroid cancer can be classified into papillary thyroid cancer, follicular thyroid cancer, anaplastic thyroid cancer, and medullary thyroid carcinoma (MTC), and MTC accounts for only 1.6% in thyroid cancer (2). The American Thyroid Association (ATA) recommended that the curative therapy for MTC is primary tumor resection and cervical lymph node dissection (3). However, the extent of initial surgery for cervical lymph node dissection is controversial, in particular, whether lateral lymph node dissection (LLND) in MTC is needed. Some surgeons prefer more aggressive management to perform LLND or prophylactic dissection to improve postoperative biochemical recovery rates, whereas others advocate for conservative surgical management for possibility of complications and its unknown benefits (4, 5).

Currently, there is no accurate preoperative assessment to evaluate the lateral lymph node metastasis (LLNM) (6). If we can effectively identify who are prone to be LLNM more effectively, patients can be given more comprehensive and targeted preoperative examination and more active surgical intervention. On the one hand, it may reduce the risk of postoperative recurrence and reoperation. On the other hand, it may avoid unwanted economic and psychological burdens for low-risk patients because of overtreatment.

With the development of precision medicine, the extent of initial surgery for MTC has become increasingly important with regard to the treatment and prognosis of patients. Therefore, we designed a retrospective study to assess the incidence of LLNM in MTC patients.



Materials and Methods

The data we analyzed were extracted from two parts, one from the Surveillance, Epidemiology, and End Results (SEER) database between 2010 and 2017, and the other from our Department of Surgical Oncology, Hangzhou First People’s Hospital between 2009 and 2019.


Data Selection From the SEER

The SEER*Stat software (version 8.3.8; https://www.seer.cancer.gov/seerstat) produced by the Surveillance Research Program and National Cancer Institute was applied to identify the MTC patients who had undergone surgical treatment (7). Inclusion criteria were the following (1): patients who were diagnosed from 2010 to 2017 with histopathology codes of the International Classification of Diseases for Oncology, 3rd edition (ICD-O-3), 8510/3, 8346/3, 8346/3, and 8346/3 (2); all patients treated with total thyroidectomy for MTC and were consecutively selected; and (3) patients who underwent central lymph node dissection (CLND) with lateral lymph node dissection. Exclusion criteria were the following (1): patients whose clinicopathological profiles were unclear (2); patients aged <18 and >85 years; and (3) patients with history of other malignant tumors. The clinicopathological profiles used the derived AJCC stage group (7th edition) and CSstage (https://cancerstaging.org).



Data Selection From our Medical Center

We collected 35 patients with MTC confirmed by pathology in our medical center as the external testing set for this model. The pathological results of the external testing set were jointly diagnosed by two pathologists in our hospital. The histological type, extrathyroidal extension, tumor size, and number of the primary lesion were clearly defined. The lymph nodes are strictly based on the division of the surgeon. The calculation of the total lymph nodes includes the central compartment and the lateral compartment. If routine pathology is difficult to determine, immunohistochemistry will be used to assist in the diagnosis.

All patients in our medical center underwent open surgery. Thyroidectomy and cervical lymph node dissection were performed concurrently. For MTC tumors with a family history, extrathyroidal extension, bilateral or multifocal disease, and total thyroidectomy are advocated. Lymph node dissection includes CLND or LLND. Central lymph node dissection should be routinely performed during the initial operation. We performed preoperative neck mapping by both cervical ultrasonography and enhanced cervical computed tomography (CT). When lateral compartment lymph node metastasis was suspected by imaging or was defined by fine needle aspiration biopsy, patients underwent area II, III, IV, and Vb dissection. Patients underwent mediastinal lymph node dissection if mediastinal compartment lymph node metastasis was definitive.



Statistical Analyses

Statistical analysis was performed by R Studio (Version 1.3.1093). Normally distributed data are expressed by mean ± standard deviation, and skewness data are expressed by interquartile range. The log‐rank test was used to compare the difference in the Kaplan–Meier (K–M) curves in recurrence and survival. The chi-square test and t-test were applied for univariate analysis. Then, multivariable logistic regression analysis was used to construct the predictive model based on the results, and a further nomogram was developed. Odds ratios (ORs) having 95% confidence interval (CI) were calculated. The prediction efficiency of the predictive model was assessed by area under the curve (AUC) and concordance index (C-index) and calibration curves in training set and testing set. Decision curve analysis (DCA) was also performed to determine the clinical utility of the predictive model by quantifying the net benefit at disparate threshold probabilities. p < 0.05 was statistically significant.




Results


Cervical Lymph Node Dissection and Metastasis

The median number of lymph nodes dissected was 22 (range,10-41 nodes), and the median number of positive lymph nodes present was 2 (range,0-11 nodes). In the training set, lymph node metastasis rate was 58.17%, lateral cervical lymph node metastasis rate was 44.02%.



Demographics and Characteristics of Patients

There were 714 patients in the SEER program between 2010 and 2017 and 35 patients in the medical record of our medical center between 2009 and 2019 enrolled in this retrospective study. To build the clinical prediction model, all data were divided into three groups, which consisted of training set (n = 502, 70%), internal testing set (n = 212, 30%), external testing set (n = 35, our department). The specific clinical features of the patients in three datasets are summarized in Table 1.


Table 1 | Clinicopathological characteristics of MTC patients.





Prognosis Review

Follow-up data were obtained in all 749 patients. The mean follow-up time was 57 months with a follow-up time range of 6–131 months in our medical center. All patients were alive at follow-up, and there were four who had recurrence in the metastasis group. K–M curve indicated a significant difference in recurrence in Figure 1A (p = 0.0038). The mean follow-up time was 42 months with a follow-up time range of 1–95 months in the SEER database. There were 40 fatalities in the metastasis group and 7 fatalities in the non-metastasis group due to metastases. K–M curve indicated a significant difference in overall survival in Figure 1B (p < 0.001). The number of individuals are described in the risk table.




Figure 1 | (A) K–M curve of recurrence in MTC patients of our medical center. (B) K–M curve of cancer specific survival in MTC patients of SEER data.





Selection of Risk Factors for LLNM

A total of 221 in 502 cases of training set had positive lateral regional lymph nodes (44%). At univariate analysis, sex, multifocality, tumor size, extrathyroidal extension, and distant metastasis were found as the potential risk factors associated with LLNM in MTC patients (Table 1). The data for the tumor diameter were metric variable, so the cut-point of 38 mm was calculated for predicting lateral lymph node metastases. Multivariate logistic regression was further performed to screen for significant variables associated with LLNM. All of the variables were found to be significantly associated with LLNM (Table 2).


Table 2 | Multivariate analysis results for LLNM in MTC patients.





Nomogram Development and Validation for Prediction of LLNM in MTC Patients

Based on the results that we analyzed in multivariate logistic regression model, five variables including sex, multifocality, tumor size, extrathyroidal extension, and distant metastasis were finally extracted to build an intuitive nomogram model for predicting the risk of LLNM in patients with MTC (Figure 2).




Figure 2 | Nomogram for predicting LLNM in MTC patients. LLNM, lateral lymph node metastasis.



The calibration curve of the LLNM risk nomogram in MTC suggested great agreement in the training set and the internal testing set (Figures 3A, B). The C-index of the predictive model in the training set was 0.825 (95%CI, 0.697–0.840), and the internal testing set was 0.818, respectively. Area under the curve (AUC) was 0.825 for the training set, and the internal testing set was 0.818 (Figures 4A, B), which suggested the good prediction capability of the model.




Figure 3 | (A) Calibration curve of the nomogram for predicting LLNM in MTC patients for training set. (B) Calibration curve of the nomogram for predicting LLNM in MTC patients for the internal testing set.






Figure 4 | (A) ROC curve analysis to predict LLNM in MTC patients for training set. (B) ROC curve analysis to predict LLNM in MTC patients for the internal testing set. (C) ROC curve analysis to predict LLNM in MTC patients for the external testing set.



Furthermore, 35 cases of MTC in our department were used for external testing set to estimate the practicability of the model. The results showed that AUC of the external testing set was 0.728, sensitivity was 68.0%, and specificity was 86.4% (Figure 4C), which suggested the good generalizability of the model.

To further evaluate the predictive capacity of the nomogram, patients with a risk score of 74.2 were the cut-point for predicting lateral lymph node metastases (Youden index = sensitivity + specificity −1; point = 74.2, Figure 5). The clinical value of the nomogram was assessed by DCA based on the net benefit and threshold probabilities. For example, when the value evaluated in the nomogram reaches a certain value, the probability of LLNM in patient I is denoted as Pi. When Pi reaches a certain threshold (denoted as Pt), it is considered positive. The ordinate of DCA is the net benefit (NB), which is defined as [true positives − false positives × Pt/(1 − Pt)]/sample number. The DCA curve can be obtained by plotting Pt from NB. We performed DCA, which showed that predicting the LLNM by applying the model would be better than having all patients or none patients treated by this model with a range of the threshold probability between >0.1 and <0.9 (Figure 6).




Figure 5 | The curve of Youden and cut-point.






Figure 6 | Decision curve analysis for LLNM in MTC patients.






Discussion

Medullary thyroid carcinoma is a group of carcinomas that intermediate between the differentiated thyroid carcinomas and anaplastic thyroid carcinoma, whose 10-year survival rate is approximately 80% (8, 9). This study revealed that patients with LLNM had worse recurrence rate and CSS compared with patients without LLNM. Approximately 29.4%–38% of MTC patients were accompanied with LLNM at the time of first diagnosis (10). In our study, the rate of LLNM was 46.64% in the SEER dataset and 34.23% in our department, which was consistent with the literature reports. Patients with LLNM predict a higher grade, higher aggression (tumor invasiveness), and increase in the risk of recurrence and death (11). Therefore, nodal metastasis assessment should be paid more attention to by surgeons.

In our study, male sex, tumor size >38 mm, multifocality, extrathyroidal extension, and distant metastasis in MTC patients were significant risk factors for predicting LLNM metastasis. This was consistent with the previous results reported by others. First, previous studies have found that extrathyroidal extension often reflects the tumor aggressiveness of MTC. A retrospective study showed that extrathyroidal extension was an independent risk factor for LLNM and recurrence (12). Our result showed that extrathyroidal extension was an independent risk factor, which is
basically consistent with previous studies. Second, Fan et al. reported that tumor size >1 cm is associated with cervical lymph nodes; however only thyroid capsule invasion was identified as an independent risk factor for lateral lymph node involvement (13). Our study showed that tumor size and multifocal tumors are also important risk factors of LLNM, which was similar to the findings of Oh et al. (12). Demographic factors associated with LLNM are male sex and advanced age (14). However, age was not a risk factor of LLNM in our study, which is needed to be further verified by prospective researches of patients.

Lymph node metastasis is very common in MTC. Ultrasonography is the first imaging technique in the assessment of cervical lymph nodes metastasis of MTC patients preoperatively. CT exerts an influence on surgical strategy especially for patients with LLNM (15). It has been reported that ultrasonography has high specificity (85%–97.4%) but low sensitivity (36.7%–61%) in detecting cervical lymph node metastasis in MTC (16, 17). CT is more sensitive than ultrasonography for the assessment of the whole compartments of cervical lymph node metastasis. Although imaging plays a pivotal role in assessing lymph node metastasis, it still is challenging to accurately predict lymph node status by routinely used imaging modalities.

Nevertheless, at present, the scope of lymph node dissection in the treatment of MTC has been controversial because of the uncertainty of lymph node metastasis. ATA guidelines suggest that LLND is needed to be therapeutically performed on cN1 lateral cervical compartment, but the role of prophylactic dissection on cN0 lateral cervical compartment remains controversial (18). On the one hand, some scholars pointed out that the rate of occult metastasis in the cN0 lateral cervical compartment was also relatively high for patients with central lymph node metastasis. This high incidence of such occult metastases has a high postoperative recurrence and reoperation rate and a low biochemical cure rate. On the other hand, LLND did not confer a survival benefit for patients at early stage but lead to low quality of life even after cure. Some authors suggest that expanding surgical field increases the risk of injury to parathyroid glands and recurrent laryngeal nerves, without any demonstrable benefits in terms of long-term survival (4). Conzo et al. recommend that while the dissection of lateral cervical subzone is not straightforward, the complication rate is not higher for experienced thyroid surgeons (19). Liu et al. pointed out that the complication of LLND do correlate with the entire experience and surgical volume of the surgeon.

The multivariate logistic regression methods are trained using the SEER database to develop a preoperative model. In this model, the C-index and AUC value of the training set were both 0.825, and the calibration curve suggested that the actual probability of LLNM corresponded closely with the predicted probability of LLNM in MTC patients, which indicated relatively good discrimination ability (20). Furthermore, the external testing set showed that the AUC of this prediction model is 0.818. The predictive models can serve as complementary items for thyroid surgeons in choosing surgical treatment modality, and it is worthy of clinical promotion and popularization.

There are several limitations in the present study. First, the SEER database also lacks several important tumor maskers such as calcitonin and carcinoembryonic antigen, which benefits prediction of lateral lymph node metastasis in MTC. Second, another weakness is the lack of the number and size of the central cervical lymph nodes data. Third, the validation set is a single-center study with a small number of samples, so the applicability is limited to a certain extent, and further confirmation with a multicenter, large sample, and prospective clinical trial is needed in the future.



Conclusion

MTC is a rare aggressive type of thyroid carcinoma, characterized by easy recurrence and early metastasis. Male sex, tumor size >38 mm, multifocality, extrathyroidal extension, and distant metastasis in MTC patients were significant risk factors for predicting LLNM. Our results may thus serve as a predictor for predicting LLNM in MTC and may perhaps also be referenced in preoperative discussions with patients regarding surgical methods.
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Extension (intrathyroidal/extrathyroidal)*
Nodes positive*

Distant metastasis (no/yes)*

*Indicating statistical significance.

LLNM (+)
(n=221)

131/90
191/18/12
53415
121100
34420
102/119
11 (6,19)
189/32

Training set

LLNM (-)
(n=281)

78/203
232/25/24
53 + 14
208/73
23+ 15
237/44
0(0,1)
280/1

LLNM, lateral lymph node metastasis; MTC, medullary thyroid carcinoma.

Internal testing set

LLNM (+)
(n=100)

64/36
84/11/5
52414
56/44
3018
50/50
13 (7,29)
89/11

LLNM (-)
(n=112)

40/72
93/3/16
51+15

81/31
22 +14

100/12
0(0,1.75)

112/0

External testing set

LLNM (+)
(n=12)

9/3
0/0/12
55+ 12

12/0
26+ 14

12/0

2.5(0.25,4.75)

12/0

LLNM (-)
(n=23)

716
0/0/23
49+ 11

21/2
18+ 13

22/1
0(0,0)

238/0





