
Translational Oncology 20 (2022) 101410

1936-5233/© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Original Research 

Myoepithelial carcinoma of major salivary glands: Analysis of 
population-based clinicopathologic and prognostic features 

Yunxiu Luo * 

Department of Radiotherapy Oncology, Hainan Cancer Hospital, Affiliated Cancer Hospital of Hainan Medical College, No. 9, Changbin West Fourth Street, Xiuying 
District, Haikou, Hainan 570100, China   

A R T I C L E  I N F O   

Keywords: 
Myoepithelial carcinoma 
Salivary gland 
Surveillance epidemiology and end results 
Population 
Radiotherapy 
Prognosis 

A B S T R A C T   

Background: This study aimed to investigate the effect of demographic characteristics and disease stage on the 
survival outcomes of patients with myoepithelial carcinoma (MECA) of the salivary glands, and to assess the role 
of radiotherapy in these patients. 
Methods: The Epidemiology, Surveillance and End Results database was queried from 2000 to 2018 to identify 
patients with MECA. Data pertaining to the tumor stage, size, histological grade, and demographic characteristics 
were analyzed. The relationship between clinicopathological features and overall survival (OS) was assessed 
using statistical analyses. 
Results: In total, 290 patients (137 men and 153 women) were identified. The parotid gland was the most 
common tumor location (76.6% patients). Approximately half of the patients had locally advanced tumors, and 
14.5 and 6.6% had lymph node and distant organ involvement, respectively. The median OS was 142 months, 
while the survival rates at 120 months and 180 months were 53% and 39%, respectively. In the cohort, 160 
patients (55.2%) underwent surgery alone, while 130 patients (44.8%) underwent surgery combined with 
radiotherapy. Multivariate Cox analysis revealed that histopathological grade, stage, T3 stage (hazard ratio [HR]: 
2.47, P = 0.039), T4 stage (HR: 3.33, P = 0.011), N2 stage (HR: 6.59, P = 0.002), and M1 stage (HR: 2.72, 95% 
confidence interval [CI]: 1.03–7.19; P = 0.044) were associated with poor prognosis. Radiotherapy (HR: 0.58, P 
= 0.042) was a favorable factor for OS, and it reduced the mortality risk by 42%. 
Conclusions: Histological grade, stage, and radiotherapy are independent risk factors for OS. The decision to 
administer chemotherapy for MECA should be made with caution. Adjuvant radiotherapy is recommended in 
high-risk patients.    

List of abbreviations 
MECA myoepithelial carcinoma 
OS overall survival 
SEER surveillance epidemiology and end results 
S surgery 
R radiotherapy 
AJCC American joint committee on cancer 
ICD-3 international classification of disease for oncology, third 

edition 
CS collaborative stage 
EOD extent of disease (EOD) 
HR hazard rate 
CI confidence interval 

PSM propensity score-matching 
CCS cancer-specific survival 

Introduction 

Myoepithelial carcinoma (MECA) is a rare neoplasm of the head and 
neck. The most common site of occurrence of MECA is in the parotid 
gland, followed by the submandibular gland. The definition and diag
nostic criteria for MECA have been reported in the literature since 1995 
[1]. Histologically, MECA is a neoplasm that is exclusively or nearly 
exclusively composed of myoepithelial cells, and over 50% of MECA 
patients exhibits PLAG1 fusion. The diagnostic signs of MECA may be 
easily overlooked, and they can be misclassified as a benign salivary 
gland neoplasms such as cellular or myoepithelial-rich pleomorphic 
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adenoma (PA) [2]. CK and P63 expression in pulmonary MECA is 
regarded as a useful marker for the differential diagnosis [3]. Clinically, 
MECA can exhibit aggressive characteristics with a tendency for relapse 
and metastasize, even when it is intracapsular, or may show minimally 
invasive characteristics that are subclassified as de novo or 
ex-pleomorphic adenoma (PA) [2,4,5]. Most of the contemporary liter
ature related to MECA comprises individual case reports or analysis of 
small case series; therefore, the condition is not well characterized and is 
under-recognized [5–8]. In two relatively large studies, a tumor size of 
>5 cm, a mitotic index of >10/10 in high-power field (HPF), lymph 
node involvement, and advanced stage were shown to be associated 
with shorter overall survival, and excision was found to be the optimal 
treatment for MECA [9,10]. One of these studies systematically 
reviewed all data of 691 patients and found that those with a positive 
margin may benefit from adjuvant radiotherapy [9]. In the present 
study, we comprehensively analyzed the demographic and clinico
pathologic features, prognosis-related variables, and efficacy of treat
ments, especially radiotherapy, for MECA using the patient’s data 
recorded in the Surveillance, Epidemiology, and End Results (SEER) 
database. Propensity score matching (PSM) was used to minimize the 
influence of confounding variables. 

Patients and methods 

Patient population 

SEER-registered patients diagnosed with MECA with site codes 
C07.9-C08.9 and International Classification of Disease for Oncology, 
Third Edition (ICD-O-3) histological classification code 8982 from 2010 
to 2018 were included in this study. Data on the diagnosis confirmation; 
derived American Joint Committee on Cancer (AJCC), 7th edition 
(2010–2015) stage; derived SEER combined stage (2016–2017); derived 
extent of disease (EOD) 2018 stage; primary tumor (T), nodal (N), and 
metastasis (M) stage; histological grade; collaborative stage (CS) tumor 
size; sequence of surgery and radiotherapy; chemotherapy; overall sur
vival (OS) in months; survival status and cancer-specific survival (CSS) 
were obtained. The three staging systems were merged, and the out
comes were recorded as T, N, and M stages for analysis. Moreover, the 
baseline demographic variables, including age, sex, race, and year of 
diagnosis, were collected. Patients with unavailable survival data or 
survival status were excluded. 

Patients who underwent surgery only (S group) were compared with 
those who underwent surgery combined with radiotherapy (S+R 
group). To identify the characteristics of patients who were most likely 
to benefit from adjuvant radiotherapy, we assessed the association be
tween additional radiotherapy and survival outcomes was assessed after 
disaggregating patients by tumor histology, stage, sex, age, race, pri
mary site, grade, and chemotherapy status. The covariates of interest 
included patient-related factors (age, sex, and race), disease-level factors 
(primary site, stage, grade, and CS tumor size), and treatment-related 
factors (radiotherapy, chemotherapy, and surgery). Patients included 
in the SEER database had previously consented to participate in any 
scientific research worldwide. 

Statistical analysis 

Between-group differences were assessed using Fisher’s exact prob
ability and t-test (two tailed) for categorical and continuous variables, 
respectively, respectively. The Kaplan–Meier (KM) method was used to 
generate the survival curves, and a Cox proportional hazards regression 
model was used to determine the effects of variables on OS after 
adjusting for other significant prognostic factors using propensity score 
matching based on a 1:1 nearest neighbor algorithm. In the logistic 
regression model, the group (S or S+R) was used as a categorical vari
able, while the other variable (stage) was used as the matched variable. 
The factors that showed a significant association in the KM analysis were 

included in the Cox hazard regression model. All analyses were per
formed using SPSS version 26.0 for Windows software (IBM Corpora
tion, Chicago, IL) and EmpowerStats software 2.0, GraphPad Prism 7.0. 
A P value of <0.05 was considered significant. 

Results 

Patients’ baseline characteristics 

A total of 290 patients [153 (52.8%) women and 137 (47.2%) men] 
with MECA were identified in the SEER database (2010 to 2018). The 
median follow-up period was 79 months. Most patients (71.7%, 208/ 
290) were aged ≥55 years at the time of diagnosis. Caucasians 
accounted for 74.8% (217/290) of all study patients. Most cases (76.6%, 
222/290) showed parotid gland involvement. The mean tumor size was 
3.5 ± 1.7 cm. A total of 250 patients had available information on dis
ease stage: 70 (24.3%), 67 (23.1%), 60 (20.7%), and 53 (18.3%) patients 
had stage I, II, III, and IV disease, respectively. Stage information was 
not available in 40 patients (13.8%). Meanwhile, 73 (25.2%), 70 
(24.1%), 65 (22.5%), and 39 (13.4%) patients had T1, T2, T3, T4 disease 
stages, respectively; moreover, 43 patients (14.8%) had missing infor
mation on T stage. A total of 212 (73.1%) patients showed absence of 
lymph node invasion, while 36 (12.4%) patients had lymph node 
involvement; further, 42 patients (14.5%) had no information on lymph 
node involvement. In most patients (82.1%, 238/290), the disease had 
not spread to the distant organs, whereas 17 patients (5.9%) had 
developed distant metastasis; the metastasis status of 35 patients 
(12.10%) had not been recorded. In general, approximately half of the 
patients had locally advanced tumors (T3, T4, N+), the lymph node- 
positive rate was 14.5% (36/248), and 6.6% of patients (17/255) had 
distant metastasis. The distant organs that were invaded included the 
lung, liver, bone, and brain (in descending order of frequency). Most of 
the patients (262/290, 90.3%) did not receive chemotherapy. Chemo
therapy was administered in 9.7% of patients (28/290), and most of 
them (20/26, 76.9%) had stage IV disease. A patient with stage I cancer 
who received chemotherapy had an undifferentiated tumor. 

In general, 160 patients (55.2%) underwent surgery only (S group), 
while 130 patients (44.8%) underwent surgery combined with radio
therapy (S+R group) (Table 1). The mean CS tumor size in the S and S+R 
groups were 3.3 ± 1.6 cm and 3.8 ± 1.0 cm (P = 0.046), respectively. 
Significantly more patients (82.3%,107/130) in the S+R group devel
oped MECA in the parotid gland than that in the S group (71.9%,115/ 
160) (P = 0.037). However, the proportions of patients with adverse 
histological differentiation (poor and undifferentiated) in the S+R and S 
groups were 26.9% and 12.5% (P = 0.028), respectively; a significantly 
greater proportion of patients in the S+R group (16.2% vs. 4.4%) 
received chemotherapy (P < 0.001). More than half of the patients in the 
S group had an early-stage disease (I + II), compared with the <40% of 
patients in the S+R group (P = 0.03). Similarly, more patients in the 
S+R group had ad advanced T stage (47.7% vs. 26.2%, P < 0.001). 
Lymph node metastases occurred in 21.2% and 8.8% of patients in the 
S+R and S groups, respectively (P = 0.052). 

We filtered 105 pairs of patients for the post-PSM analysis (Table 1). 
After PSM, CS tumor size was found to be comparable in the S+R group 
(3.8 ± 1.8 cm) and the S group (3.4 ± 1.7 cm) (P = 0.17). The baseline 
characteristics were similar between the S and S+R groups, except for 
chemotherapy (P < 0.001). 

Prognostic value of the clinicopathological characteristics 

The median OS for the 290 patients was 142 (95% confidence in
terval [CI]: 97–174) months, and the OS rates were 68.9% (95% CI: 
63%–75.4%) at 60 months, 53% (95% CI: 45.7%–61.5%) at 120 months, 
and 38.1% (27.4%–52.8%) at 180 months (Fig. 1a). Stratified KM 
analysis was performed based on the clinicopathological features. The 
median OS times in the S and S+R groups were 144 months (95% CI: 
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100–187) and 136 months (95% CI: 68–203), (P = 0.845) (Fig. 1c). After 
PSM, the patients did not benefit from additional radiotherapy [135 
months (95% CI: 83–170) vs. 136 months (95% CI: 95–171) months (P 
= 0.8)] (Fig. 1d). Patients did not appear to benefit from additional 
chemotherapy, as the median OS times of patients with and without 
chemotherapy were 26 months (95% CI: 21–30) and 152 months (95% 
CI: 102–200) months, respectively. In the PSM cohort, the median OS 
times of patients with and without chemotherapy were 28 months (95% 
CI: 17–38) and 136 months (95% CI: NA) months, respectively 
(P<0.001) (Fig. 1e and f). 

When stratified by clinicopathological features, patients with 
younger age, low histological grade, early stage, early T stage, N0 stage, 

M0 stage, and chemotherapy had better OS than those with older age, 
high disease grade, late disease stage, advanced T stage, positive node, 
distant involvement, and no chemotherapy, both before and after PSM 
(Figs. 2 and 3). Unexpectedly, sex, year of diagnosis, primary site, and 
radiotherapy were not significantly association with the OS. 

Prognostic risk factors and the role of radiotherapy in MECA 

To investigate the clinical significance of radiotherapy, it was 
included in the Cox regression analysis. In the PSM cohort, patients with 
moderately differentiated (HR: 5.69, 95% CI: 1.69–19.16; P = 0.005), 
poorly differentiated (HR: 4.31, 95% CI: 1.23–15.04, P = 0.022), and 

Table 1 
Clinicopathologic features of patients with salivary gland myoepithelial carcinoma.   

Before matching After matching 
Number S S+R P-value S S+R P-value  

160 130  105 105  
CS Tumor size (mm) 32.7 ± 16.0 38±10.3 0.046 34.13±16.6 38±18.1 0.17 
Follow-up (months) 60.9 ± 52.0 64.0 ± 53.6 0.614 63.7 ± 46.82 62.4 ± 45.4 0.844 
Status   0.986   0.662 
alive 106 (66.2%) 86 (66.2%)  68 (64.8%) 71 (67.6%)  
dead 54 (33.8%) 44 (33.8%)  37 (35.2%) 34 (32.4%)  
Age   0.13   0.31 
1–24 4 (2.5%) 3 (2.3%)  3 (2.9%) 3 (2.9%)  
25–39 15 (9.4%) 8 (6.2%)  11 (10.5%) 4 (3.8%)  
40–54 35 (21.9%) 17 (13.1%)  18 (17.1%) 15 (14.3%)  
55–69 49 (30.6%) 56 (43.1%)  35 (33.3%) 45 (42.9%)  
70–85 57 (35.6%) 46 (35.4%)  38 (36.2%) 38 (36.2%)  
Sex   0.541   0.49 
Male 73 (45.6%) 64 (49.2%)  48 (45.7%) 53 (50.5%)  
female 87 (54.4%) 66 (50.8%)  57 (54.3%) 52 (49.5%)  
Year of diagnosis   0.299   0.66 
2000–2009 55 (34.4%) 54 (41.5%)  38 (36.2%) 40 (38.1%)  
2010–2015 69 (43.1%) 43 (33.1%)  48 (45.7%) 42 (40.0%)  
2016–2018 36 (22.5%) 33 (25.4%)  19 (18.1%) 23 (21.9%)  
Race   0.365   0.344 
White 115 (71.9%) 102 (78.5%)  74 (70.5%) 83 (79.1%)  
Black 24 (15.0%) 17 (13.1%)  17 (16.2%) 13 (12.4%)  
other 21 (13.1%) 11 (8.5%)  14 (13.3%) 9 (8.6%)  
Site   0.037   0.587 
parotid 115 (71.9%) 107 (82.3%)  85 (80.9%) 88 (83.8%)  
Submandibular gland 45 (28.1%) 23 (17.7%)  20 (19.1%) 17 (16.2%)  
Grade   0.028   0.059 
well 25 (15.6%) 12 (9.2%)  22 (20.9%) 10 (9.6%)  
moderately 35 (21.9%) 25 (19.2%)  21 (20.0%) 22 (20.9%)  
Poorly 11 (6.9%) 20 (15.4%)  6 (5.7%) 14 (13.3%)  
undifferenced 9 (5.6%) 15 (11.5%)  7 (6.7%) 12 (11.5%)  
NA 80 (50.0%) 58 (44.6%)  49 (46.7%) 47 (44.7%)  
Stage   0.03   0.843 
I 45 (28.1%) 25 (19.2%)  31 (29.5%) 26 (24.8%)  
II 41 (25.6%) 26 (20.0%)  27 (25.7%) 26 (24.8%)  
III 27 (16.9%) 33 (25.4%)  27 (25.7%) 31 (29.5%)  
IV 22 (13.8%) 31 (23.9%)  20 (19.1%) 22 (20.9%  
NA 25 (15.6%) 15 (11.5%)     
T stage      0.426 
T1 47 (29.4%) 26 (20.0%) 0.003 35 (33.3%) 26 (24.8%)  
T2 43 (26.9%) 27 (20.8%)  29 (27.6%) 27 (25.7%)  
T3 29 (18.1%) 36 (27.7%)  28 (26.7%) 34 (32.4%)  
T4 13 (8.1%) 26 (20.0%)  13 (12.4%) 18 (17.1%)  
NA 28 (17.5%) 15 (11.5%)     
N stage   0.052   0.22 
N0 123 (76.9%) 89 (68.5%)  90 (85.7%) 85 (80.9%)  
N1 5 (3.1%) 12 (9.2%)  3 (2.9%) 10 (9.5%)  
N2 7 (4.4%) 10 (7.7%)  7 (6.8%) 7 (6.7%)  
N3 0 (0.0%) 2 (1.5%)  0 0  
NA 25 (15.6%) 17 (13.1%)  5 (4.6%) 3 (2.9%)  
M stage   0.535   0.506 
M0 132 (82.5%) 106 (81.5%)  95 (90.5%) 96 (91.4%)  
M1 11 (6.9%) 6 (4.6%)  8 (7.6%) 5 (4.8%)  
NA 17 (10.6%) 18 (13.8%)  2 (1.9%) 4 (3.8%)  
Chemotherapy   <0.001   <0.001 
no 153 (95.6%) 109 (83.8%)  102 (97.1%) 88 (83.8%)  
yes 7 (4.4%) 21 (16.2%)  3 (2.9%) 17 (16.2%)  

S, surgery; R, radiotherapy. 
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Fig. 1. Cumulative overall survival (OS) curves for patients with myoepithelial carcinoma (MECA) before (upper row) and after PSM (bottom row). (a and b) OS; (c 
and d) radiotherapy; (e and f), chemotherapy. PSM, propensity score matching. 

Fig. 2. Stratified analysis of OS for patients with MECA before PSM (upper row) and after PSM (bottom row). (a and b) different age-groups; (c and d) grade; (e and f) 
stage. PSM, propensity score matching; MECA, myoepithelial carcinoma. 

Fig. 3. Stratified analysis of OS for patients with MECA before PSM (upper row) and after PSM (bottom row). (a and b) T stage; (c and d) N stage; (e and f) M stage. 
MECA, myoepithelial carcinoma; T, tumor; N, lymph node; M, metastasis. 
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undifferentiated (HR: 5.57, 95% CI: 1.60–19.35, P = 0.006) tumors 
exhibited a higher risk of death than those with well-differentiated tu
mors. Similarly, stage II (HR: 5.47, 95% CI: 3.55–17.44, P = 0.004), 
stage III (HR: 3.66, 95% CI: 1.65–18.40, P = 0.016), stage IV (HR: 8.74, 
95% CI: 1.12–21.97, P = 0.038), T3 stage (HR: 2.47, 95% CI: 1.04–5.84, 
P = 0.039), T4 stage (HR: 3.33, 95% CI: 1.32–8.40, P = 0.011), N2 stage 
(HR: 6.59, 95% CI: 1.95–22.27, P = 0.002), and M1 stage (HR: 2.72, 
95% CI: 1.03–7.19, P = 0.044) were associated with adverse prognosis. 
Chemotherapy (HR: 2.34, 95% CI: 0.91–6.05; P = 0.079) had no sig
nificant influence onpatients’ prognosis (Table 2). Radiotherapy (HR: 
0.58, 95% CI: 0.33–0.98, P = 0.042) was a favorable risk factor for OS, 
suggesting that it may benefit patients with MECA (Table 2). 

Analysis of cancer-specific survival (CSS) 

Lastly, the influence of clinicopathological features on cancer- 
specific survival (CSS)was analyzed, and only the CSS data of 286 pa
tients were included as those of four cases were not available. Next,103 
matched pairs were next investigated after PSM, (Supplementary 
Table1). Chemotherapy (P < 0.05), grade (P < 0.05), and stage (T, N, M, 
P < 0.05) had a significant effect on CSS both before and after PSM 
(Figs. 4 and 5). Unexpectedly, radiotherapy (P > 0.05) had no advantage 
in terms of CSS. In Cox regression analysis, T3 (HR: 5.61, 95% CI: 
1.10–28.74, P = 0.039), T4 (HR: 7.71, 95% CI: 1.66–35.81, P = 0.009), 
and M1 (HR: 8.93, 95% CI: 2.32–34.37, P = 0.002) were found to be 
independent risk factors for CSS (Supplementary Table 2). 

Discussion 

MECA is an uncommon neoplasm that most commonly arises in the 
salivary tissue and accounts for approximately 2% of all salivary neo
plasms occurring in the salivary gland [2]. However, there are multiple 
classification systems for MECA, and there morphological and histo
logical characteristics overlap with those of other entities. In addition, 
owing to its rarity, this tumor is under-recognized and can be mis
diagnosed [2]. Indeed, histologically, MECA was shown to closely mimic 
PA; and the diagnosis of MECA was dependent on the expansile nodular 
lobulated pattern and zonal cellular distribution [2]; patients with this 
condition show a positive immunohistochemical staining for a 
AE1/AE3, CAM5.2, S100, calponin, SMA, CK7, P63, CK5/6, and INI1 in 
the salivary gland and other rare primary sites such as the larynx, lung, 
vulvar, shoulder, and soft tissues [2,3,11–14]. Immunohistochemical 
staining for 34BE12, CK20, GCDFP15, HHF35, HMB45, synaptophysin, 
chromogranin, and CD34 was negative in patients with shoulder MECA 
[11]. The reported molecular features were TGFBR3-PLAG1 fusion and 
SMARCB1-deficiency [12,15–17], and patients with clear cell MECA 
may present with other PLAG1 fusions including LIFR-PLAG1, 
CTNNB1-PLAG1, CHCHD7-PLAG1, EWSR1-ATF1, FGFR1-PLAG1, and 
CTNNB1-PLAG1 [17,18]. In our cohort, 55–57% of the patients were 
women, which is consistent with the report of other recent studies 
(52.8%) [2,10]. Our findings revealed that older adults are more sus
ceptible to developing MECA, and the parotid glands are the most 
commonly affected site, followed by other major salivary glands [2,9, 
10]. Interestingly, most MECA tumors (72%) were <5 cm in size, and the 
median tumor size was 3.3–3.5 cm [2,9]. There is high consistency 
among previous studies in term od tumor diameter (mean: 3.5 cm), 
which indirectly reflects the low-grade malignant features of MECA. 
Approximately 35–40% of MECA patients have unfavorable differenti
ation [8,10], which may be a major factor for regional or distant 
metastasis. The reported incidence of metastatic involvement of the 
lymph nodes ranges from 8 to 41% [2,7,8,19,20]. Moreover, in patients 
with clear cell MECA of the parotid and submandibular glands and 
EWSR1 rearrangement, the incidence of lymph node involvement was 
reported to be up to 38% [21]; however, the incidence of lymph node 
involvement reported in the present study was 14.5%, which was similar 
to that reported by Xiao et al. [10]. Unexpectedly, the incidence of 

Table 2 
Univariate and multivariate analysis of patients with salivary gland myoepi
thelial carcinoma (OS).   

Before matching After matching  
Univariate Multivariate Univariate Multivariate  
HR (95% 
CI) P 

HR (95% CI) 
P 

HR (95% 
CI) P 

HR (95% CI) 
P 

Age     
1–24 1 1 1  
25–39 0.49 (0.09, 

2.70) 0.414  
0.48 (0.08, 
2.90) 0.425  

40–54 0.75 (0.17, 
3.34) 0.709  

0.40 (0.08, 
1.93) 0.251  

55–69 0.96 (0.23, 
4.05) 0.957  

0.59 (0.14, 
2.53) 0.476  

70–85 1.88 (0.46, 
7.72) 0.383  

1.44 (0.35, 
5.97) 0.618  

Sex     
male 1  1  
female 1.03 (0.69, 

1.54) 0.873  
1.23 (0.68, 
2.20) 0.49  

Race     
white 1 1 1  
black 0.53 (0.28, 

1.03) 0.060 
0.92 (0.43, 
1.97) 0.836 

0.47 (0.17, 
1.30) 0.147  

other 0.37 (0.15, 
0.92) 0.031 

0.41 (0.15, 
1.14) 0.088 

0.52 (0.17, 
1.57) 0.246  

Site     
parotid 1 1 1  
submandibular 

gland 
1.41 (0.90, 
2.19) 0.132  

1.14 (0.50, 
2.59) 0.761  

Grade     
well 1 1 1 1 
moderately 2.19 (0.93, 

5.13) 0.071 
3.70 (1.21, 
11.29) 0.023 

2.22 (0.87, 
5.69) 0.095 

5.69 (1.69, 
19.16) 0.005 

poorly 4.74 (1.96, 
11.46) 
<0.001 

2.22 (0.62, 
7.90) 0.219 

5.16 (1.93, 
13.79) 
0.001 

4.31 (1.24, 
15.04) 0.022 

undifferentiated 3.83 (1.52, 
9.60) 0.004 

3.81 (1.16, 
12.53) 0.027 

3.57 (1.30, 
9.83) 0.013 

5.57 (1.60, 
19.35) 0.006 

CS tumor Size 1.03 (1.02, 
1.04) 
<0.0001 

1.03 (1.01, 
1.05) 0.0007 

1.03 (1.02, 
1.04) 
<0.0001 

1.00 (1.01, 
1.04) 0.08 

Stage     
I 1 1 1 1 
II 3.73 (0.48, 

29.12) 
0.209 

4.55 (0.38, 
54.09) 0.230 

1.83 (0.81, 
4.13) 0.143 

5.47 (3.55, 
17.44) 0.004 

III 5.87 (0.75, 
45.91) 
0.091 

2.36 (0.26, 
21.62) 0.447 

2.97 (1.48, 
5.98) 0.002 

3.66 (1.65, 
18.40) 0.016 

IV 11.96 (1.57, 
90.99) 
0.016 

13.14 (0.92, 
187.02) 
0.057 

5.53 (2.81, 
10.89) 
<0.001 

8.74 (1.12, 
21.97) 0.038 

T stage     
T1 1 1 1 1 
T2 1.62 (0.75, 

3.49) 
0.2194 

2.22 (0.97, 
5.09) 0.059 

1.83 (0.86, 
3.88) 0.116 

2.33 (0.96, 
5.62) 0.060 

T3 2.93 (1.50, 
5.73) 
0.0017 

2.56 (1.13, 
5.78) 0.024 

2.95 (1.54, 
5.63) 0.001 

2.47 (1.04, 
5.84) 0.039 

T4 5.64 (2.99, 
10.65) 
<0.001 

3.30 (1.34, 
8.10) 0.009 

4.53 (2.26, 
9.11) 
<0.0001 

3.33 (1.32, 
8.40) 0.011 

N stage     
N0 1 1 1 1 
N1 2.14 (1.02, 

4.50) 0.045 
0.82 (0.21, 
3.17) 0.778 

2.61 (1.18, 
5.80) 0.018 

1.04 (0.36, 
3.02) 0.942 

N2 4.89 (2.60, 
9.19) 
<0.001 

6.48 (2.06, 
20.37) 0.001 

4.91 (2.53, 
9.54) 
<0.0001 

6.59 (1.95, 
22.27) 0.002 

M stage     
M0 1 1 1 1 
M1 4.83 (2.59, 

8.99) 
<0.001 

4.88 (1.57, 
15.22) 0.006 

4.31 (2.19, 
8.50) 
<0.0001 

2.72 (1.03, 
7.19) 0.044 

(continued on next page) 
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distant metastasis was around 11–38% [2,7,8,19–22]. In the present 
study, the distant metastasis rate for parotid and submandibular MECA 
was 6.6%, and the most commonly affected organs were the lungs, liver, 
bones, and brain. In a study based on the National Cancer Database 
(NCDB) conducted in 2016, the metastasis rate was low (3.1%) [10]. The 
low rates of distant metastasis may be attributable to the differences in 
the histological sub-classification, genetic features, and inadequate im
aging examinations. Positron emission tomography-computed tomog
raphy (PET-CT) may help improve the accuracy of distant metastasis 
detection [23]. 

The clinicopathologic features of MECA have been shown to be 
related to the patients’ outcomes [2,8–10,22]. Age, high histological 
classification, mitotic index of >10/10 HPF, tumor size of >5 cm, and 
advanced stage were associated with an unfavorable factors for prog
nosis [9,10,24,25]. The certified histological grades assigned to the 
present cohort showed a robust association with OS in patients with 
MECA of the main salivary gland. Current research particularly dem
onstrates a link between advanced stage and poor outcomes. In another 
large cohort, a tumor size of >5 cm was found to be an alternative risk 
predictor to stage [9]. In fact, the cut-off diameters selected for T stage 
were 2 cm and 4 cm, whereas the current study indicated that the T3/T4 
cut-off diameter should be >4 cm, and invasion of the facial nerve or 
other surrounding tissues (T4) was a prognostic risk factor. 

Finally, prognosis was evaluated according to the treatment man
agement provide to the patients. Maintaining a safe surgical margins 
decreases the incidence of recurrence and has a significant effect on the 
OS [6,9]. Howerver, information related to resection status was not 
obtained. The role of chemotherapy in MECA is still under debate; some 
studies have shown that additional chemotherapy may not reduce the 
risk of tumor recurrence or metastasis [9]. However, chemo-agent in
terventions should be considered in the management of MECA patients 
with metastasis, and the use of cisplatin-based chemotherapy, or ifos
famide and etoposide, has been discussed several studies [2,6,24]. In the 
current study, only a few patients received chemotherapy, and most of 
them had stage IV disease. Therefore, it introduced a selection bias, and 
the decision to administer chemotherapy was based on the results of 

Table 2 (continued )  

Before matching After matching  
Univariate Multivariate Univariate Multivariate  
HR (95% 
CI) P 

HR (95% CI) 
P 

HR (95% 
CI) P 

HR (95% CI) 
P 

Chemotherapy     
No 1 1 1 1 
Yes 3.72 (2.15, 

6.43) 
<0.0001 

2.07 (0.89, 
4.83) 0.092 

3.36 (1.79, 
6.31) 
0.0002 

2.34 (0.91, 
6.05) 0.079 

Radiotherapy     
No 1 1 1 1 
Yes 0.96 (0.65, 

1.43) 0.845 
0.70 (0.43, 
1.14) 0.146 

0.94 (0.59, 
1.50) 
0.7994 

0.58 (0.33, 
0.98) 0.042 

OS, overall survival. 

Fig. 4. Stratified analysis of Cancer-specific survival (CSS) for patients with MECA before PSM (upper row) and after PSM (bottom row). (a and b) overall CSS; (c and 
d) grade; (e and f) chemotherapy; (g and h) radiotherapy. MECA, myoepithelial carcinoma. 

Fig. 5. Stratified Kaplan-Meier cancer-specific survival (CSS) curves for patients with MECA before PSM (upper row) and after PSM (bottom row). (a and b) stage; (c 
and d) T stage; (e and f) N stage; (g and h) M stage. MECA, myoepithelial carcinoma. 
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physicians’ assessment and the characteristics of individual patients. As 
an important part of a comprehensive treatment, the value of radio
therapy in MECA requires further investigation. Approximately half of 
the patients in this study received adjuvant radiotherapy, and the 
analysis indicated that it had no OS advantage before PSM. However, 
there was an imbalance in the clinical baseline characteristics; the S+R 
group had more patients with advanced histological grade, stage, and T 
stage compared with the S group. Univariate analysis also indicated that 
radiotherapy did not have a significant effect on OS. Even so, radio
therapy was mandatorily included in the multivariate analysis, and the 
results indicated a beneficial effect of radiotherapy on the OS of patients 
with main salivary gland MECA after PSM. This finding seemed to affirm 
the significance of radiotherapy in managing MECA, although it did not 
improve the CSS. Notably, Giridhar et al. found that adjuvant radio
therapy decreased the risk of local relapse (P = 0.008) but increased the 
risk of mortality (P = 0.04) as shown in the univariate analysis [9]. 
However, radiotherapy had no significant effect on OS as observed in the 
multivariate analysis (P = 0.223) or in the subgroup analysis of patients 
who underwent with R1 resection (P = 0.893) [9]. The latter divergence 
may be attributable to the differences in other baseline features, such as 
the tumor size (P = 0.006) and T/N/M stage [9]. MECA frequently 
causes local recurrence; hence, adjuvant radiotherapy (50–70 Gy) 
should be considered for patients with a high-risk of relapse, such as 
those with an extremenly poor histological grade, positive margins, or 
perineural invasion [6,25]. The main limitations of the current study 
were as follows: some details regarding the therapeutic intervention 
including extent of resection or irradiation, especially neck lymph node 
dissection and surgical margins, irradiation dose, and chemotherapy 
regimen were not available. In addition, this was a retrospective analysis 
of data from a single database (SEER), which may have led to a selection 
bias. Currently, there is limited evidence of the efficacy of chemotherapy 
and radiotherapy in patients with MECA due to the lack of randomized 
clinical studies owing to the rarity of the condition, heterogeneous 
features, and the requirement for a long observation period. 

Conclusion 

MECA is a rare type of tumor occurring in the parotid and subman
dibular glands. The 10-year OS rate in our cohort was 53%, and the 
histological grade, T/N/M stage, and radiotherapy were independent 
prognostic risk factors for OS. The decision to administer chemotherapy 
should be cautiously made in a selected subset of patients. In the PSM 
cohort, additional radiotherapy improved the OS of patients with MECA. 
High-risk patients with a positive surgical margin and potential risk of 
recurrence should be considered candidates for adjuvant radiotherapy. 
However, further studies are required to assess the value of radiotherapy 
in MECA. 
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