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Purpose: Medullary thyroid carcinoma (MTC) is a rare but highly invasive malignancy, especially in terms of cervical lymph node
metastasis. However, the role of prophylactic lateral lymph node dissection (LLND) is still controversial. We hereby aim to explore the
risk factors of lateral lymph node metastasis (LLNM) in patients with MTC to guide clinical practice.

Patients and Methods: The clinicopathological characteristics of patients with MTC from the Surveillance, Epidemiology, and End
Results (SEER) Program and the Second Affiliated Hospital of Chongqging Medical University were reviewed and analyzed.
Univariate and multivariate logistics regression analyses were used to screen the risk factors of LLNM in patients with MTC.
Results: Four variables, including male gender, multifocality, extrathyroidal invasion (EI), and large tumor size (all p < 0.05), were
identified as potential independent factors of LLNM in patients with MTC. Based on these results, an individualized prediction model
was subsequently developed with a satisfied C-index of 0.798, supported by both internal and external validation with a C-index of
0.816 and 0.896, respectively. We also performed the decision curve analysis (DCA) and calibration curve, which indicated
a remarkable agreement in our model for predicting the risk of LLNM.

Conclusion: We determined that various clinical characteristics, male gender, multifocality, EI, and large tumor size, were
significantly associated with LLNM in patients with MTC. Thus, a validated prediction model utilizing readily available variables
was successfully established to help clinicians make individualized clinical decisions on MTC management, especially regarding
whether the LLND is necessary for patients with clinical negative lateral lymph node involvement and the frequency of follow-up
without LLND.
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Introduction

Over the past years, medullary thyroid carcinoma (MTC), which accounted for approximately 1%- 2% of thyroid cancer,
has aroused wide concern as a result of its worse prognosis and high mortality when compared with papillary thyroid
carcinoma (PTC)." It is gradually accepted that a more conservative therapeutic modality could benefit PTC patients
with small primary tumor size (cT1) or clinical negative lymph node involvement (cNO), including no prophylactic
cervical lymph node dissection (LND), lobectomy, and even active surveillance (AS). However, these agreements were
not adapted to patients with MTC. MTC is a neuroendocrine tumor that derives from the calcitonin-producing
parafollicular C-cells and represents more aggressive than differentiated thyroid cancer (DTC). To date, surgical
intervention, especially total thyroidectomy (TT) combined with the prophylactic central LND, was the first-line in
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dealing with MTC patients. However, there was still a lack of consensus regarding whether prophylactic lateral LND was
appropriately warranted for cNO patients. Notably, some previous studies had determined that LLNM (cervical lymph
nodes levels II to V) was related to the abnormal serum calcitonin (Ctn) and carcinoembryonic antigen (CEA) levels®*
and played a pivotal role in predicting the prognosis of patients with MTC. For instance, high circulating serum levels of
Ctn, CEA, and neuron-specific enolase (NSE), larger primary tumor size, irregular shape, spiculated margins, and
subcapsular locations in the neck ultrasonography were prone to appear LLNM metastasis, and log odds of positive
lymph nodes (LODDS) was determined to be independent prognostic factors for MTC.>’ Nevertheless, some clinico-
pathological results might also be of great significance to help us determine more effective predicting variables for
stratifying the different risk levels of LLNM in patients with MTC.

In the present study, we aim to determine the independent risk factors associated with the LLNM in patients with
MTC based on the clinicopathological characteristics of patients from the SEER database. SEER program is established
to comprehensively collect clinical data on malignant and in situ cancers, including patient demographics, primary tumor
site, tumor morphology and stage at diagnosis, first course of treatment, and mortality outcomes, for correlated incidence,
prevalence, and prognosis.® Furthermore, we develop and validate a risk prediction model for predicting LLNM in
patients with MTC. Patients with MTC are scored through each item in the model, and total points are calculated to
obtain the probability of LLNM. Based on our prediction model, MTC patients with a high probability of LLNM could
benefit from LLND in the absence of structural lateral neck disease.

Materials and Methods

Data Collection

The patients we had analyzed were from two databases. Firstly, patients diagnosed with MTC between 2010-2015
years were retrieved from the SEER database (http://seer.cancer.gov/). All patients included satisfied the histopathol-
ogy codes of the International Classification of Diseases for Oncology, 3rd edition (ICD-0-3):8345/3, 8346/3, 8347/3,

8510/3. Besides, other inclusion criteria for the study were as follows: aged between 18 and 80 years; MTC was

confirmed positive by postoperative histological results. Exclusion criteria were as follows: no lymph nodes found in
the final pathological report (n = 90); history or coexistence of other head and neck cancer, incomplete or missing
Medical records. After exclusion, there were 924 patients ultimately enrolled in our study. Secondly, the data of 22
patients were extracted from the Department of Breast and Thyroid Surgery of the Second Affiliated Hospital of
Chongging Medical University between 2012—2021 years. The specific exclusion criteria were as follows:' patients
without histologically proven MTC,? patients undergoing biopsy without further thyroid resection,® patients without
lymph nodes examined,* patients with a history or coexistence of other head and neck cancer. The study was approved
by the Chongqing Medical University Ethics Committee, and all the procedures being performed were part of the

routine care.

Assessment of Variables

The variables screened as risk factors of lateral cervical regional lymph node involvement of MTC patients included
age, gender, race, extrathyroidal invasion, multifocality, and tumor size. Patients in our study were classified as
younger patients (18-54 years) and older patients (> 55 years) according to the 8th revision of TNM by the
American Joint Committee on Cancer (AJCC). The race was divided into white, black, and other (American Indian/
Alaska Native, Asian, or Pacific Islander). The EI category was defined as patients with extrathyroidal invasion (T3-
T4) and patients without extrathyroidal invasion (T1-T2). Meanwhile, multifocality was classified as more than one
lesion within the thyroid, while a solitary tumor represented only one lesion within the thyroid. Tumor size was divided
into three parts, including > Omm largest diameter < 10mm, > 10mm largest diameter < 20mm, and > 20mm largest
diameter < 40mm because of the possibility that lateral cervical regional lymph node metastasis was high for oversized

tumors (> 40mm).
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Statistical Analysis

Logistic-regression analyzed models were used for binary variables, including both univariate and multivariate analyses.
We divided the data extracted from SEER into two groups according to the diagnosis year of MTC patients: years of
2010-2012 for a training data set and years of 2013-2015 for an internal validation data set. The data retrieved from our
Department was used as the external validation set. Then logistic regression analysis was used to establish a risk model
and develop a nomogram. The C-index, which was in accordance with the area under the curve (AUC) and calibration
curves as well as the decision curve analysis (DCA), was performed for assessing the accuracy of predicting the LLNM
in training data set and testing data set and determining the clinical value of the risk model by quantifying the net benefits
under different threshold probabilities. All statistical analyses were performed via the “R” software (https:/www.
r-project.org). The statistical significance was defined as p < 0.05.

Results

Clinicopathological Characteristics of Patients

Generally, in our study, 924 patients with MTC between 2010 and 2015 were retrieved from the SEER database.
Moreover, 22 patients with MTC between 2012 and 2021 were extracted from the medical record of the Second
Affiliated Hospital of Chongqing Medical University. In patients collected from the SEER database, the age range was
between 18-85 years, and the entire cohort encompassed 346 males (37.4%) and 578 females (62.6%). Besides, 204
patients (22.1%) confirmed LLNM in the whole population. Approximately 86.1% of the cancer foci were confined
within the thyroid capsule. Then, patients with MTC were divided into two groups which were consisted of a training set
(n = 450) and an internal validation set (n = 474). Among patients with MTC, about 21.8% patients were confirmed
LLNM in the training group (170 males and 280 females), whereas 22.4% patients in the internal validation group (176
males and 298 females) and 45.5% were in the external validation group (6 males and 4 females). Demographic and
clinicopathologic characteristics of patients were summarized in Table 1.

Table | Clinicopathological Characteristics of Patients with Medullary Thyroid Carcinoma

Characteristics Initial Cohort Training Cohort Internal Cohort External Cohort

(n=924) (n=450) (n=474) (n=22)

No. % No. % No. % No. %
Age (years)
18-54 422 45.7 211 46.9 211 44.5 13 59.1
255 502 543 239 53.1 263 55.5 9 40.9
Gender
Female 578 62.6 280 62.2 298 62.9 I 50
Male 346 374 170 37.8 176 37.1 I 50
Race
White 789 85.4 398 88.4 391 82.5 0 0
Black 66 7.1 28 6.2 38 8.0 0 0
Other 69 7.5 24 5.3 45 9.5 22 100
Multifocality
Unifocal 645 69.8 331 73.6 314 66.2 15 68.2
Multifocal 279 30.2 119 26.4 160 338 7 31.8
Extrathyroidal invasion
Absent 796 86.1 389 86.4 407 85.9 15 68.2
Present 128 13.9 6l 13.6 67 14.1 7 31.8
Tumor size (mm)
<10 291 315 145 322 146 30.8 7 31.8
>10 and <20 300 325 147 327 153 323 5 227
>20 and <40 333 36.0 158 35.1 175 36.9 10 455

Note: Other defined as the Asian/Pacific Islander and American Indian/Alaska Native.
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Table 2 Univariate and Multivariate Analyses of Risk Factors Related to LLNM

Characteristics Univariate Analysis Multivariate Analysis

HR (95% CI) p value HR (95% CI) p value

Age (years)

<55 Reference Reference

=55 0.809 (0.517-1.267) 0.355 0.814 (0.474—1.398) 0.456
Gender

Female Reference Reference

Male 2.940 (1.857—4.656) <0.001 2.414 (1.425-4.090) 0.001
Race

White Reference Reference

Black 0.733 (0.271-1.984) 0.541 1.041 (0.344-3.151) 0.943
Other 0.307 (0.071-1.329) 0.114 0.243 (0.048-1.238) 0.089
Multifocality

Unifocal Reference Reference

Multifocal 2.679 (1.669—4.299) <0.001 2.234 (1.246—4.004) 0.007
Extrathyroidal invasion

Absent Reference Reference

Present 11.940 (6.527-21.842) <0.001 8.969 (4.660—17.265) <0.001
Tumor size (mm)

<10 Reference Reference

>0 and <20 2.924 (1.498-5.710) 0.002 2.878 (1.367-6.059) 0.005
>20 and <40 4.206 (2.205-8.026) <0.001 3.684 (1.789-7.588) <0.001

Note: Bold values indicate statistical significance (p < 0.05).
Abbreviations: LLNM, lateral lymph node metastasis; HR, hazard ratio; Cl, confidence interval.

Univariate and Multivariate Logistic Regression Analyses

There were four variables being observed to be independent predictive factors of LLNM in patients with MTC via
univariate and multivariate logistic regression analyses. At univariate analysis, gender (p < 0.001), multifocality (p <
0.001), EI (p < 0.001) and tumor size (p = 0.002 and p < 0.001, respectively) were screened as predictive factors
associated with LLNM in patients with MTC. Multivariate logistic regression was further performed to screen for
significant variables associated with LLNM, which were in line with the results of univariate analysis. Specifically, male
gender (hazard ratio (HR) = 2.414; 95% confidence interval (CI): (1.425-4.090); p = 0.001), multifocality (HR = 2.234;
95% CI: (1.246-—4.004); p = 0.007), EI (HR = 8.969; 95% CI: (4.660—-17.265); p < 0.001), and tumor size lager than
10mm (10 mm < largest diameter < 20 mm HR = 2.878; 95% CI: (1.367-6.059); p = 0.005; 20 mm < largest diameter <
40 mm HR = 3.684; 95% CI: (1.789-7.588); p < 0.001) were regarded as risk factors (Table 2).

Construction and Validation of Individualized Risk Model for Predicting LLNM

We have constructed a risk model and visualized it to help clinical practice (Figure 1). The calibration curve of our model
showed great consistency in the training data set and internal validation data set (Figure 2A; mean absolute error =
0.015). The C-index of the training model, equally to the AUC, was reached 0.798 (Figure 3A) and further supported by
both the internal validation cohort (C-index of 0.816) and external validation cohort (C-index of 0.896) (Figure 3B and
C), which indicated that the model we developed had a satisfied predictive capability. Moreover, the DCA results showed
that applying this model to predict the risk of LLNM would be better than using this model to treat all patients or none
patients, with which threshold probability between >9% and <78% (Figure 2B).
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Figure | Nomogram for predicting lateral lymph node metastasis in patients with MTC. Patients were scored through each item, and total points are calculated to obtain
the probability of LLNM.
Abbreviations: El, extrathyroidal invasion, LNM, lymph node metastasis.

Discussion

Medullary thyroid carcinoma is a rare histological subtype of thyroid cancer, characterized by early lymphatic and
systemic dissemination of tumor cells. Compared with PTC and follicular thyroid carcinoma (FTC), the prognosis of
medullary thyroid cancer is worse, and over 50% of MTC patients suffered from the biopsy confirmed recurrence within
10 years during the postoperative follow-up.”'® According to the latest management guideline of the American Thyroid
Association (ATA), there is no doubt that therapeutic dissection of lateral lymph node compartments is suitable for
clinically lateral lymph node metastasis (cN1b) patients with MTC. However, concerning the patients with cNO status,
there was still controversy on the role of prophylactic lateral LND for this particular subpopulation. Recently, some
studies discovered that the serum Ctn was maintained at a high level when the lateral lymph nodes were involved.''
Furthermore, they suggested that the fewer regional lymph nodes dissected were significantly related to the poorer
postoperative overall survival (OS) of patients with MTC.'? Although poor prognosis was frequently observed in patients
with lymph nodes involvement, the false-negative results might occur in approximately one-third of patients during the
preoperative neck ultrasonography examination.'® For this reason, the prophylactic CLND seemed to be an alternative
plan to reduce this risk. However, the defects of prophylactic CLND had been recognized by clinicians, including but not
limited to nerve injury and hypoparathyroidism during cervical lymph node dissection. Notably, Calo et al found that
patients with DTC performing TT combined with CLND were involved in a higher incidence of permanent hypopar-
athyroidism than patients performing TT alone (10/220 vs.7/65) as well as a higher risk of recurrent laryngeal nerve
injury in Conzo et al study.'*'> Therefore, prophylactic CLND was not routinely recommended for DTC patients with
¢NO status.'® Interestingly, the cost-effective value of prophylactic CLND was still controversial in the latest guideline of
ATA.'® Namely, clinicians performed overtreatment frequently because of the will to protect patients’ necks from
residual tumor invasion. However, the tumor recurrence rate concerning the inadequate scope of dissection often
increases because of the high frequency of lateral cervical lymph nodes residual in MTC.!” Referring to previous studies
on this topic, some scholars found that the LLNM in patients with MTC was correlated with serology results, including
serum Ctn level and CEA level or the frequency of central compartment lymph node metastases.”'*'* Nevertheless, to
our best of knowledge, there was still a lack of reliable predictive factors for guiding surgeons to make better clinical

decisions on the necessity of lateral LND in patients with MTC, based on their clinicopathological characteristics.
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Figure 2 (A) Calibration curve of the nomogram for the verification of training set. The x-axis represents the predicted LLNM. The y-axis represents the actual LLNM. The
dotted line stands for a perfect prediction using an ideal model. The solid line was drawn to represent the performance of the nomogram, of which the closer fit to the
dotted line represents the better prediction of the nomogram. (B) Decision curve analysis for LLNM in MTC patients. The black line (None) represents the assumption of
net benefit that no patient has LLNM. The gray line (All) shows the assumption of net benefit that all patients have LLNM. The red line (Score) represents the assumption of
net benefit of nomogram for LLNM considering clinical risk factors (gender, multifocal, extrathyroidal invasion and tumor size).
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Figure 3 The receiver operating characteristics (ROC) curve and area under the ROC curve (AUC). (A) AUC for the training group; (B) AUC for the internal validation
group; (C€) AUC for the external validation group.
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In the present study, during the univariate logistic regression and multivariate logistic regression analyses, we
determined that male gender, multifocality, extrathyroidal invasion, and tumor size larger than lcm were the independent
risk factors of LLNM, and a prediction model was subsequently developed. We propose a hypothetical MTC patient to
illustrate the utility of the model designed in this study. A male MTC patient with multifocality and tumor size of 40mm
confined to the thyroid presents the risk of lateral cervical lymph node metastasis of approximately 45%. Expressly in our
analysis, the number of 204 patients (22.1%) being confirmed LLNM in the whole population, which was lower than our
data (45.5%) and the previous study (35.6%).” Reasons for this difference may be the disparate sample size (924 vs 22 vs
73) or dominating composition of the race (American vs Chinese vs Korean). Although limited studies could be found to
confirm our results directly, previous studies had found that tumor size and extrathyroidal invasion were related to the
decline in the survival rate of patients with MTC, and MTC tumors with larger size (>1.5 cm) were at higher risk for
lateral cervical lymph node metastasis. > 2% Gender was proved to be a risk factor by Scopsi et al and Saad et al with the
conclusion of a female having a better prognosis than a male, which was in accord with our study.”>** Many studies have
confirmed that age is an independent predictor for MTC patients.””> Roman et al found that if the patients were aged >65
at the time of diagnosis, the mortality risk increased by 5.2% for each additional year.” However, the result of our study
suggested that age was not statistically significantly associated with the LLNM, which was only consistent with
a seventy-three-sample-size study. We speculate the reason may be that MTC itself was relatively rare, and data from
the SEER database were strictly screened, which resulted in our small sample size. Moreover, we divided the sample into
the training data set and internal validation data sets, reducing the statistical sample size and leading to such differences.
Consequently, we cannot rule out the possibility that age was associated with lateral neck lymph node metastasis.
Furthermore, an individualized risk model concerning four potential independent risk factors was well established and
validated based on our discovered results. A C-index of 0.798 in the training cohort presented excellent applicability in
this model and was in high agreement with the internal validation cohort (C-index of 0.816) and external validation
cohort (C-index of 0.896). Moreover, the DCA results displayed a good clinical utility as well.

Nonetheless, several limitations in this present study needed to be addressed. First, the cases in the external validation
cohort are relatively insufficient, which would lead to a bias in the results. Second, the model was based on retrospective
data collected from the SEER database, leading to the difficulty of comparing sporadic and hereditary MTC. Patients
with sporadic MTC are more likely to have lateral lymph node metastasis.?’ Finally, previous studies determined that
some serum indicators such as CEA, Ctn, NSE were significantly associated with the increasing risk of LLNM in MTC
patients but missing in the SEER program.

Conclusion

In summary, based on the clinicopathological characteristics of patients from the SEER program, we established an
individualized prediction model for evaluating LLNM for MTC. This model might be of great clinical value (follow-up
frequency, etc.) and helpful for formulating an operative method for MTC patients. For cNO MTC patients with a high
score according to the model, clinicians should consider the dissection of the lateral cervical lymph node or closer
follow-up without LLND.
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