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Malignant myoepithelioma of the head and neck (HNMM) is a rare malignancy, and its characteristics and survival rates have not been well-defined. This study aimed to define the epidemiology of HNMM and identify the prognostic factors associated with the disease. Data on all patients diagnosed with HNMM between 1991 and 2016 were gathered from the Surveillance Epidemiology and End Results (SEER) database. The demographics, clinicopathological characteristics, treatment, and prognoses of the patients were described. Cox regression analysis was used to identify the prognostic factors, and the prognostic nomograms for overall survival (OS) and disease-specific survival (DSS) were constructed. A total of 333 cases of HNMM were identified. The average age at diagnosis was 60.6 years, and 50.1% of the patients were men. After diagnosis, 46.2% of patients underwent surgery alone, 43.5% of patients underwent surgery and radiotherapy, and 3.6% of patients received only radiotherapy. Survival analysis showed that the 5-year OS and DSS for all HNMM patients were 69.7 and 82.1%, respectively. In the multivariate analysis model, the undifferentiated pathological grade (P <0.05) and M1 in the M category (P <0.01) were independent prognostic factors for poor OS and DSS, whereas the use of surgical resection was an independent favorable prognostic factor for both OS and DSS (P <0.05). The prognostic nomograms for OS and DSS prediction were constructed; the C-index values for OS and DSS prediction were 0.78 (95% CI 0.70–0.86) and 0.79 (95% CI 0.67–0.90), respectively. In conclusion, this SEER data-based study demonstrated that HNMM patients often had a favorable prognosis, and distant metastasis, pathological grade, and the use of surgery contributed to their survival. Furthermore, we developed a prognostic nomogram to predict OS and DSS for HNMM patients to aid physicians in the clinical management of this rare disease.
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Introduction

A myoepithelial tumor is a rare malignancy that is composed almost exclusively of cells with myoepithelial differentiation. Myoepithelial tumors were classified among salivary gland tumors as separate entities by the World Health Organization in 1991 (1) . These can be can categorized as benign and malignant myoepitheliomas. Malignant myoepithelioma (MM) is a neoplasm that exhibits a wide morphological and cytological diversity similar to its benign counterpart, myoepithelioma, with evidence of malignant change. Due to a lack of specific symptoms or imaging characteristics, it is impossible to differentiate benign from malignant myoepitheliomas based on clinical information. Therefore, a biopsy is required for the diagnosis of this disease. Malignant myoepitheliomas often present with an infiltrative growth pattern, angiolymphatic or perineural invasion, and a propensity for metastasis and recurrence (2–4). Nagao et al. (5) reported that myoepithelial tumors with high cell proliferative activity suggest malignancy, irrespective of their histological appearance.

Malignant myoepitheliomas are often located in the salivary glands (6–8). In addition to the salivary gland, previous studies have reported that this disease may arise in other head and neck locations such as the nasal cavity, nasopharynx, and the maxillary sinus (9–14). Owing to its rarity, much of the current knowledge and clinical approaches to malignant myoepithelioma of the head and neck (HNMM) are limited to generalizations from malignant myoepitheliomas located in other anatomical regions (7). Furthermore, there is a lack of population data, and no studies so far have defined the clinicopathological characteristics and determined the factors influencing survival in a large cohort; these factors limit the understanding of this rare disease. Thus, we conducted the present study to describe the demographics, clinicopathologic characteristics, treatment regimen, and prognosis of HNMM patients using data from the Surveillance Epidemiology and End Results (SEER) database.



Materials and Methods


Participants

A population-based search for patients diagnosed with HNMM between 1991 and 2016 was carried out in the SEER database of “SEER 18 Regs Custom Data with additional treatment fields, Nov 2018 Sub (1975–2016)” using SEER*STAT 8.3.9 software. Given that SEER is a publicly available database, institutional review board approval was not required (Ethics committee of Shanghai Stomatological Hospital). The International Classification of Diseases for Oncology (ICD-O) topography code 8982/3 was used to identify all HNMM patients. The study variables included demographic information, clinicopathological factors, treatment, and prognosis. Specific information retrieved included data on age at diagnosis, sex, race, tumor grade, anatomical site, TNM stage (AJCC 7th edition), surgery, radiotherapy, survival status, and survival time (overall survival, OS; disease-specific survival, DSS). OS was defined as the interval from initial diagnosis to death from any cause or last follow-up, and DSS was defined as the interval from initial diagnosis to death caused by this disease.



Statistical Analysis

Descriptive statistics were calculated for all demographic and clinicopathological characteristics. Survival analyses for OS and DSS were performed using the Kaplan–Meier curve and log-rank tests. Univariate and multivariate Cox regression analyses were used to assess the predictive performance of each covariate for OS and DSS. All survival analyses were performed using MedCalc software (version 15.2.2, Mariakerke, Belgium), and the prognostic nomograms for OS and DSS predictions were constructed using R version 3.6.0 (R Foundation for Statistical Computing, Vienna, Austria). P <0.05 was considered statistically significant.




Results

A total of 333 patients diagnosed with HNMM between 1991 and 2016 were found in the SEER database. Patient characteristics are shown in Table 1. Of these patients, 50.1% were women, and 72.7% were white. The average and median age at diagnosis were 60.6 and 63 years, respectively (range: 1–94 years). The salivary gland was the most affected site, followed by the oral cavity. Definitive staging was available in 67.3% of cases, with almost equal distributions at each stage (stage I, 21.9%; stage II, 25.8%; stage III, 25.0%; stage IV, 27.3%). Among 243 (OS) and 245 (DSS) patients with definitive information on metastases, lymph node and distant metastases were observed in 37/243 patients and 16/245 patients, respectively. As for the treatment regimen, 46.2% of patients underwent surgery alone, 43.6% of patients received surgery and radiotherapy, 3.6% of patients received radiotherapy alone, and 6.3% received neither. Compared with those receiving surgery plus radiotherapy, HNMM patients receiving surgery alone tended to exhibit well differentiated, early-stage tumors (TNM-I/II, T1/T2, lymph node-negative tumors) (Supplementary Table 1). Moreover, patients who could not receive surgery were more likely to have exhibited distant metastases (6/33 vs. 10/299).


Table 1 | Patients’ characteristics.



The Kaplan–Meier curves for OS and DSS showed that the 5-year OS and DSS in the entire cohort were 69.7 and 82.1%, respectively (Figures 1A, B). The median OS was 118 months (95% CI, 93–177). Survival analysis revealed a statistically significant difference in OS and DSS stratified according to the stage at presentation (P <0.01) (Figures 1C, D). Similarly, pathological grade and T/N/M categories were significantly associated with both OS and DSS (Figure 2). Male sex and the use of radiotherapy were associated with worse DSS (P = 0.04 for both). Younger age was associated with significantly better OS (P <0.01). However, race and primary site were not significantly associated with OS and DSS.




Figure 1 | Survival analysis. OS (A) and DSS (B) in all 333 HNMM patients; OS (C) and DSS (D) analysis stratified by AJCC-TNM staging.






Figure 2 | OS and DSS analysis. (A) OS and T category; (B) OS and N category; (C) OS and M category; (D) OS and pathological grade; (E) DSS and T category; (F) DSS and N category; (G) DSS and M category; and (H) DSS and pathological grade.



As for treatment modality, surgical resection was associated with better DSS and OS (Figures 3A, B). A Kaplan–Meier analysis was used to compare the relative survival curves for HNMM patients receiving surgical resection, radiotherapy, both, or neither (Figures 3C, D). Differences in OS were observed between the patients treated with surgery alone and radiotherapy alone (P = 0.01), whereas differences in DSS were observed between those treated with bimodal therapy and surgical resection (P = 0.01) (Supplementary Table 2).




Figure 3 | Survival analysis stratified by surgery (A, B) and treatment modalities (C, D).



We then further compared the efficacy of treatment modalities stratified by tumor stage and the presence of lymph node metastases. Surgery plus radiotherapy could not significantly improve OS or DSS, compared with surgery alone, among patients with late-stage (III/IV) or lymph node metastasis (P >0.05). Similarly, no significant differences were observed between treatment modalities (surgery alone vs. surgery plus radiation) among early-stage patients (I/II) (P >0.05) (Supplementary Figure 1).

Tables 2, 3 show the results of the univariate and multivariate Cox regression analyses for OS and DSS, respectively. In the multivariate analysis model, an absence of differentiation in terms of pathological grade (OS: HR = 5.46, 95% CI 1.62–18.4, P <0.01; DSS: HR = 8.20, 95% CI 1.31–51.4, P = 0.03) and M1 in the M category (OS: HR = 9.98, 95% CI 3.57–27, P <0.01; DSS: HR = 18.6, 95% CI 4.67–74.3, P <0.01) were independent prognostic factors for worse OS and DSS, while the use of surgical resection was an independent favorable prognostic indicator for both OS and DSS (OS: HR = 0.15, 95% CI 0.05–0.47 P <0.01; DSS: HR = 0.14, 95% CI 0.02–0.83, P = 0.03). Additionally, N2 in the N category was an independent, unfavorable, prognostic factor for OS (HR = 3.20, 95% CI 1.31–7.80, P = 0.01).


Table 2 | Univariate COX regression analysis for OS and DSS.




Table 3 | Multivariate COX regression analysis for OS and DSS.



Furthermore, we constructed the prognostic nomograms for OS and DSS among HNMM patients using independent prognostic factors from multivariate Cox regression analysis. As shown in Figure 4, distant metastasis contributed the most to both OS and DSS, followed by pathological grade and the use of surgery. The C-index values for OS and DSS predictions were 0.78 (95% CI 0.70–0.86) and 0.79 (95% CI 0.67–0.90), respectively. The 3-, 5-, and 10-year calibration curves showed excellent agreement between the predicted and observed values (Figure 5).




Figure 4 | The constructed prognostic nomogram for OS (A) and DSS (B) prediction. Each variable was assigned a score on the point scale. By summing the total score and locating it on the total point scale, a straight line was drawn down to determine the estimated probability of OS and DSS.






Figure 5 | Calibration curves for the 3-, 5-, and 10-year DSS/OS.





Discussion

Data on HNMM are relatively limited. In addition, there is a demand for large-scale cohort studies to determine the clinicopathological determinants of survival and treatment modalities for this rare malignancy. This study, using data from the SEER database, permitted the analysis of treatment and outcomes using population-based data relating to this rare malignancy. This study is, to our knowledge, based on the largest cohort of HNMM patients in its description of demographics and clinicopathological characteristics as well as its definition of prognostic factors.

Demographically, our results concerning age agreed with data previously reported in the literature related to HNMM, with the peak incidence recorded in the sixth decade of life (range: 14–96 years) (11, 15–17). Although age was significantly associated with OS rather than DSS, this significant association disappeared after adjusting for other variables in the multivariate Cox regression analysis. The sex distribution results contradicted those of the previously reported studies. Nagao et al. reported a predominance of women over men (2:1) among 10 patients with MM of the salivary gland, whereas Yu et al. observed a predominance of men (1.7:1) (5, 18). However, our cohort found an equal sex distribution, with 167 women and 166 men. One possible explanation for this discrepancy is that several previous studies only focused on patients with MM of the salivary gland. In our study, we included patients with MM in other head and neck regions, not only in the salivary gland. Notably, this study is the first to suggest that male patients with HNMM have a worse prognosis than their female counterparts. Race appeared to have no statistically significant effect on the survival of HNMM patients. This finding is inconsistent with previous reports that indicate that race is an independent prognostic factor in other head and neck malignancies (19, 20).

In terms of clinicopathology, most tumors (76%) occurred in the salivary glands in this cohort; this result is consistent with the results of previous studies (17). A survival analysis stratified in terms of the primary sites showed no significant differences in DSS and OS. Patients with MM of the salivary gland had a survival rate similar to those with MM of other parts of the head and neck. This result suggests that these patients may belong to one entity. Previous studies have revealed that pathological grade is an important prognostic reference for tumors in the head and neck region (21–24). This study also indicated a significant association between pathological differentiation and survival, and multivariate analysis demonstrated that pathological differentiation was independently associated with OS and DSS. In the constructed nomograms, pathological differentiation had the second highest contribution to OS and DSS predictions. This finding demonstrates the importance of the pathological differentiation of MM located in the head and neck region on prognosis; thus, physicians should evaluate the prognosis in terms of pathological differentiation. AJCC-TNM staging plays an essential role in treatment planning and prognosis evaluation. Based on the available information, in this cohort, an equal distribution of the AJCC-TNM stage was observed among the 234 patients. Meanwhile, 19.4 and 7.7% of patients had lymph node and distant metastases, respectively, signifying the aggressive nature of this rare malignancy via hematogenous and lymphatic spread. Both the N and M categories were independently associated with OS and DSS. For example, patients with distant metastases have a dismal prognosis (OS, 26 months; DSS, 28 months). Therefore, an early examination and diagnosis is vital to improve survival and decrease the possibility of metastases.

Overall, the prognosis of HNMM patients is better than that of patients with other malignancies in the head and neck region (25, 26). According to the largest case series reported to date, the 5-year cumulative survival rate of 59 Chinese patients with HNMM was 62% (27). In this cohort, our data showed a 5-year OS rate of 69.7%. One possible explanation for this difference is the higher proportion of stage III (23/59 cases) and stage IV (19/59) patients in the cohort in the study by Zhao etal. (27) than in this study. Furthermore, our data revealed that a significant majority of cases (90.1%) were treated with surgical resection, and the use of surgery was an independent favorable prognostic factor. Surgery may decrease the risk of death from all causes and HNMM by 85 and 86%, respectively. Surgery significantly prolonged OS by approximately 109 months (147 months vs. 38 months). Therefore, surgery is the optimal treatment strategy for patients with HNMM. A previous study has also demonstrated that surgical resection is the preferred treatment for HNMM. However, the requirements for a first surgery are high. Furthermore, if the resection is not complete, it is easy for relapse to occur, and the operation and adjuvant treatment often do not deliver satisfactory results (27). Radiotherapy is an alternative regimen for patients who cannot tolerate surgery; it can also serve as an adjuvant treatment for patients undergoing surgery. In this cohort, approximately half of all patients (47.1%) received radiotherapy. The addition of radiotherapy to surgery did not significantly prolong the OS or DSS. Moreover, patients receiving a combination of surgery and radiotherapy had a considerably shorter duration of DSS than those who underwent surgery alone. This result may be attributed to the fact that patients receiving radiotherapy plus surgery mostly had advanced-stage tumors and that patients with radiotherapy were more likely to have late-stage tumors (76/115 vs. 43/113). Radiotherapy alone is sometimes used palliatively, as was the case in 3.6% of patients in our cohort who received radiotherapy alone. Moreover, our data showed that patients who underwent surgery alone had a substantially longer OS than those who underwent radiotherapy alone, suggesting that radiotherapy could not replace surgery among patients with HNMM. However, only 12 out of 333 patients received radiotherapy alone. Hence, it is difficult to arrive at a solid conclusion on the role of radiotherapy in HNMM owing to the small sample size. Moreover, the efficacy of chemotherapy for HNMM could not be evaluated because of insufficient information. Therefore, the optimal treatment regime for HNMM patients still needs to be confirmed in future research.

Despite a large sample size for this rare malignancy, this study has several limitations. First, certain variables could not be precisely analyzed retrospectively, including tumor recurrence and comorbidities. Second, no information on chemotherapy was available in the SEER database; thus, the analysis was limited in terms of exploring the optimal regimen for this malignancy. The lack of data on cancer control and tumor recurrence in the SEER database restricted the potential knowledge we could have gained concerning this rare disease. Third, concerns emerged regarding the misclassification and lack of clinicopathologic variables, particularly tumor grade and histological differentiation, in the database. For example, there was no information on the TNM stage for 109 patients and on the pathological grade for 146 patients.

In conclusion, HNMM is a rare malignancy that often occurs in the sixth decade of life with an equal sex distribution. It has a relatively good survival rate with a 5-year OS and DSS of 69.7 and 82.1%, respectively. Pathological grade and distant metastasis are independently associated with its prognosis. Surgical resection confers OS and DSS benefits in patients with HNMM. Furthermore, distant metastasis, pathological grade, and the use of surgery contribute to the establishment of prognostic predictions of OS and DSS among HNMM patients.
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M category (MO vs M1) 4.82 (2.53-9.20) <0.01 5.65 (2.48-12.9) <0.01
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Radiation (Yes vs No) 1.34 (0.92-1.94) 0.13 1,69 (1.01-2.83) 0.046
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Only significant factors from univariate Cox analysis were included in multivariate Cox analysis. N/A, not available.
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