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Purpose: This study aimed to evaluate the long-term survival outcomes and prognostic factors that affect the clinical outcomes of 
patients who underwent surgery and postoperative radiotherapy for major salivary gland mucoepidermoid carcinoma (MEC).
Materials and Methods: We retrospectively reviewed the clinical data of 44 patients who underwent surgery followed by 
radiotherapy for primary MEC of the major salivary glands between 1991 and 2014. The median follow-up period was 9.8 years (range, 
0.8 to 23.8 years).
Results: The overall outcomes at 5 and 10 years were 81.5% and 78.0% for overall survival (OS), 86.2% and 83.4% for disease-
free survival, 90.6% and 87.6% for locoregional recurrence-free survival, and both 90.5% for distant metastasis-free survival 
(DMFS). Histologic grade was the only independent predictor of OS (low vs. intermediate vs. high; hazard ratio = 3.699; p = 0.041) in 
multivariate analysis. A poorer survival was observed among patients with high-grade tumors compared with those with non-high-
grade tumors (5-year OS, 37.5% vs. 91.7%, p < 0.001; 5-year DMFS, 46.9% vs. 100%, p < 0.001).
Conclusion: Surgery and postoperative radiotherapy resulted in excellent survival outcomes for patients with major salivary 
gland MEC. However, high-grade tumors contributed to poor DMFS and OS. Additional aggressive strategies for improving survival 
outcomes should be developed for high-grade MEC.
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Introduction

Mucoepidermoid carcinoma (MEC) is a rare malignancy among 
head and neck cancers; however, it is the most common type of 
salivary gland malignancy and accounts for 10% of all types of 
tumors, including benign and 30%-35% of malignant tumors 
[1,2]. Approximately 60% of MECs originate from the major 
salivary glands, and the parotid gland is the predominant site 

[3-5]. These neoplasms exhibit various clinical courses from 
indolent to highly aggressive locally and highly metastatic. 
Surgery has been the principal treatment modality for salivary 
gland MEC, and postoperative radiotherapy has recently been 
used for T3–4 tumors, neck node metastases, close or positive 
resection margins, and high-grade tumors. However, there 
is limited information on the clinicopathologic prognostic 
factors of patients who underwent surgery and postoperative 
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radiotherapy [6-10]. Hence, to investigate treatment outcomes, 
we retrospectively reviewed patients with major salivary gland 
MEC who underwent surgery and postoperative radiotherapy, 
which included local tumor control, survival, and prognostic 
factors.

Materials and Methods

1. Patient characteristics
A total of 45 patients with primary MEC of the major salivary 
glands underwent surgical resection and postoperative 
radiotherapy between 1991 and 2014 at Asan Medical Center. 
After a review of the pathologic findings, 44 patients were 
enrolled, and 1 patient with neuroendocrine carcinoma was 
excluded. We evaluated clinicopathologic variables such as the 
age, gender, symptoms, disease location, tumor size, T stage, 
and N stage of the patients. All patients underwent disease 
staging according to the 7th edition of the American Joint 
Committee on Cancer (AJCC) staging system. A histopathologic 
review was re-performed by a head and neck pathologist 
who reviewed the histologic features of all patients with the 
available microscopic slides and paraffin-embedded tissue 
blocks. Histologic grading was performed according to the 
Armed Forces Institute of Pathology (AFIP) criteria proposed by 
Goode et al. [5].

2. Radiotherapy and follow-up
In general, postoperative radiotherapy was performed for 
stage T3–4 tumors, positive resection margin, perineural 
invasion, positive neck node, or high-grade tumor. The target 
volume for tumors without lymph node involvement was the 
surgical bed. For high-grade tumors and tumors with lymph 
node involvement, the target volume included the surgical 
bed, involved nodal stations, and ipsilateral neck nodes at level 
I–IV. In general, a dose of 60 Gy was delivered to the surgical 
bed via conventional fractionation with photons, electrons, or 
both using a linear accelerator. No patient received adjuvant 
chemotherapy.

Patients were followed up 4–6 weeks following the 
completion of therapy and then every 3 months for the first 
2 years. Subsequently, the patients were monitored every 6 
months. A physical examination at each follow-up visit and a 
CT scan of the head and neck were performed as needed.

3. Statistical analysis
The baseline follow-up date was the day of surgery, and 
the last follow-up date was the last hospital visit or phone 

call date. The overall survival (OS) was calculated from the 
baseline date to the date of the patient’s death, censoring the 
last follow-up date. The locoregional recurrence-free survival 
(LRFS) and the distant metastasis-free survival (DMFS) were 
calculated from the baseline date to the first recurrence date, 
censoring death or the last follow-up date. Survival curves 
were produced using the Kaplan-Meier method and the log-
rank test. All statistical analyses were performed using SPSS 
software version 12.0 (SPSS Inc., Chicago, IL, USA).

Results

1. Patient characteristics
The median patient age was 46 years (range, 12 to 75 years). 
At the time of diagnosis, all patients were presented with a 
palpable mass and median symptom duration of 5 months 
(range, 1 to 240 months). MEC was found in the parotid 
gland of 38 patients (86.4%), in the submandibular gland of 
4 patients (9.1%), and in the sublingual gland of 2 patients 
(4.5%). In addition, 28 patients (63.6%) had a confirmed AJCC 
staging group of more than stage III. Among 38 patients 
with parotid MEC, total parotidectomy was most commonly 
performed (n = 31). In cases of submandibular or sublingual 
MEC, surgery with a wide excision was performed for 5 
patients, and mass excision was performed for 1 patient. 
Furthermore, neck dissection was performed for 19 patients 
(43.2%); 16 of them underwent selective neck dissection, 
and 3 of them underwent modified radical neck dissection. 
The median number of positive nodes was 2 (range, 1 to 33) 
in cases with node involvement. The median radiotherapy 
dose was 59.7 Gy (range, 39.6 to 66.6 Gy). Three-dimensional 
planning or intensity-modulated radiotherapy was performed 
for 24 patients (54.6%) (Table1).

The histopathologic characteristics are shown in Table 2. An 
extraglandular extension was observed in 31 patients (70.5%), 
and 24 patients (54.5%) had positive margins. According to the 
AFIP system, low-grade, intermediate-grade, and high-grade 
tumors were detected in 16, 20, and 8 patients, respectively.

2. Treatment outcome and survival
The median follow-up duration was 9.8 years. At the time 
of analysis, 7 patients (15.9%) had recurrences (locoregional 
failures in 3 patients, distant failures in 2 patients, and both 
locoregional and distant failures in 2 patients) (Table 3). 
The average time interval from the initial treatment to local 
recurrence or distant metastasis was 21.4 months (range, 5 
to 63 months). The sites of distant metastases included the 
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lungs (n = 3) and bone (n = 1). Salvage surgery was performed 
on 3 patients with locoregional recurrence, and 2 of them 

were alive with a ‘no evidence of disease’ status at their last 
follow-up. The 5-year and 10-year LRFS, DMFS, and disease-
free survival (DFS) rates were 90.6% and 87.6%, both 90.5%, 
and 86.2% and 83.4%, respectively. The 5-year and 10-year OS 
rates were 81.5% and 78.0%, with 11 patients dying during the 
follow-up period. Among the patients, 5 died due to MEC; 4 of 
them died from distant metastasis, and 1 of them died from 
locoregional recurrence. Therefore, the 5-year cause-specific 
survival was 87.9%.

3. Prognostic factors
Univariate analysis revealed that tumor location (parotid vs. 
non-parotid, p = 0.031), N stage (N0–1 vs. N2, p = 0.018), 
and lymphovascular invasion (p = 0.005) were significant 
prognostic factors of LRFS. Nodal stage, histologic grade, 
and lymphovascular invasion showed prognostic significance 
for DMFS, DFS, and OS (Table 4). In addition to these factors, 
tumor location and extraglandular extension were significant 
prognostic factors for OS. Multivariate analysis revealed that 
histologic grade (hazard ratio = 3.699; 95% confidence interval, 
1.057–12.941; p = 0.041) was an independent prognostic factor 
for OS (Fig. 1). The 5-year OS and DMFS rates were 37.5% and 
46.7% for patients with high-grade tumors and 91.7% and 
100% for those with non-high-grade tumors (p < 0.001) (Fig. 
2A, 2B). Out of 8 patients with high-grade tumors, 4 patients 

Table 1. Clinical characteristics of the enrolled patients with 
major salivary gland MEC who underwent postoperative 
radiotherapy (n = 44)

Characteristic Value

Age (yr)
Sex
   Male
   Female
Primary symptom
   Mass
   Pain
   Facial palsy
Tumor location
   Parotid
   Submandibular
   Sublingual
Tumor size (cm)
Pathologic T stage
   T1
   T2
   T3
   T4
Pathologic N stage
   N0
   N1
   N2
Overall stage
   I
   II
   III
   IV
Surgery
   Total parotidectomy
   Superficial parotidectomy
   Wide excision
   Mass excision
Neck dissection
   No
   Yes
Total dose of radiotherapy (Gy)
   <60
   ≥60
Radiotherapy technique
   2D
   3D-CRT
   IMRT

 46 (12–75)

 21 (47.7)
 23 (52.3)

 44 (100)
 9 (20.4)
 2 (4.5)

 38 (86.4)
 4 (9.1)
 2 (4.5)
 2.9 (1–10)

 11 (25.0)
 9 (20.5)
 19 (43.2)
 5 (11.4)

 36 (81.8)
 3 (6.8)
 5 (11.4)

 8 (18.2)
 8 (18.2)
 18 (40.9)
 10 (22.7)

 31 (70.5)
 7 (15.9)
 5 (11.4)
 1 (2.3)

 25 (56.8)
 19 (43.2)
 59.7 (39.6–66.6)
 22 (50.0)
 22 (50.0)

 20 (45.5)
 19 (43.2)
 5 (11.4)

Values are presented as median (range) or number (%).
MEC, mucoepidermoid carcinoma; 2D, two-dimensional; 3D-CRT, 
three-dimensional conformal radiotherapy; IMRT, intensity-mod-
ulated radiotherapy.

Table 2. Histopathologic characteristics of the enrolled patients 
with major salivary gland MEC who underwent postoperative 
radiotherapy (n = 44)

Characteristic No. of patients (%)

Histologic grade
   Low
   Intermediate
   High
Extraglandular extension
   No
   Yes
Lymphovascular invasion
   No
   Yes
Perineural invasion
   No
   Yes
Resection margin
   Negative
   Close (≤2 mm)
   Positive

 16 (36.4)
 20 (45.5)
 8 (18.2)

 13 (29.5)
 31 (70.5)

 40 (90.9)
 4 (9.1)

 28 (63.6)
 16 (36.4)

 9 (20.5)
 11 (25.0)
 24 (54.5)

MEC, mucoepidermoid carcinoma.
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Table 4. Univariate analysis of prognostic factors for survival of patients with major salivary gland MEC (n = 44)

Characteristic 5-yr LRFS (%) p-value 5-yr DMFS (%) p-value 5-yr DFS (%) p-value 5-yr OS (%) p-value

Age (yr)
   <45
   ≥45
Sex
   Male
   Female
Location
   Parotid
   Non-parotid
Tumor stage
   T1-2
   T3-4
Nodal stage
   N0-1
   N2
Histologic grade
   Low
   Intermediate
   High
Extraglandular extension
   No
   Yes
Lymphovascular invasion
   No
   Yes
Perineural invasion
   No
   Yes
Resection margin
   Negative
   Close or positive

94.7
87.1

90.5
90.9

94.6
62.5

85.0
95.8

94.7
60.0

93.8
95.0
71.4

100
86.5

94.9
50.0

92.7
87.1

87.5
91.3

0.237

0.704

0.031

0.571

0.018

0.276

0.547

0.005

0.222

0.972

85.0
94.7

84.8
95.7

92.1
66.7

89.7
91.5

97.4
30.0

100
100
46.7

100
86.3

94.9
37.5

92.9
85.2

100
88.0

0.225

0.275

0.427

0.918

<0.001

<0.001

0.175

0.002

0.505

0.294

85.0
87.1

85.7
86.7

89.5
62.5

85.0
87.5

92.2
40.0

93.8
95.0
50.0

100
80.4

89.9
50.0

89.1
81.3

87.5
85.7

0.897

0.777

0.148

0.808

0.002

0.006

0.306

0.039

0.207

0.662

84.7
78.9

75.3
87.0

86.7
44.4

89.7
74.5

89.7
20.0

100
85.0
37.5

100
73.8

84.8
37.5

85.6
73.9

88.9
79.5

0.114

0.254

0.001

0.158

<0.001

<0.001

0.022

0.002

0.426

0.474

MEC, mucoepidermoid carcinoma; LRFS, locoregional recurrence-free survival; DMFS, distant metastasis-free survival; DFS, disease-free 
survival; OS, overall survival.

Table 3. The summary of recurrent cases (n = 7)

Age/Sex Stage Location Surgery
RT dose 

(Gy)
Histologic 

grade
Months to 
recurrence

Recurrence 
site

Status at last 
follow-up

38/M
44/F
51/M
30/M
52/F
57/F
45/F

IV
III
IV
IV
I

IV
III

Parotid
Parotid

Submandibular
Parotid
Parotid

Submandibular
Parotid

Total parotidectomy + MRND
Total parotidectomy
Wide excision + SND

Total parotidectomy + MRND
Total parotidectomy + SND

Wide excision + SND
Total parotidectomy

59.4
59.4
64.8
59.4
64.8
66
50

High
High
High
High
Low

Intermediate
Intermediate

15
5
26
10
24
7
63

DM
DM

LRR + DM
LRR + DM

LRR
LRR
LRR

Death
Death
Death
Death
NED

Death
NED

RT, radiotherapy; MRND, modified radical neck dissection; DM, distant metastasis; SND, selective neck dissection; LRR, locoregional 
recurrence; NED, no evidence of disease.  
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died from their disease; 2 died due to distant metastasis, and 2 
died due to local recurrence with distant failures.

Discussion and Conclusion

Several retrospective studies of salivary gland malignancies 
have establ ished the posit ive role of postoperat ive 
radiotherapy in the treatment of patients with poor prognostic 
factors [11-14]. Most of the studies included patients with 
heterogeneous histologic subtypes. However, some studies 
considered histologic type as a prognostic factor for survival 
[12,15-17]. There is limited information on the clinical 
outcomes of patients with salivary gland MEC who underwent 
surgery and postoperative radiotherapy [6,8-10,18,19]. Ghosh-
Laskar et al. [18] reported 5-year DFS and OS rates of 77.8% 
and 92.4% among 113 patients with parotid gland MEC, 61% 
of whom received adjuvant radiotherapy. Guzzo et al. [6]
reported a 5-year DFS rate of 48.8% for 35 cases of head 
and neck MEC treated with postoperative radiotherapy. This 
result was relatively poor because most of the patients who 
received adjuvant radiotherapy had advanced locoregional 
disease, high-grade tumors, and tumors with positive resection 
margins. Chen et al. [10] assessed the clinical outcomes 
of patients who underwent surgery and postoperative 

radiotherapy for MEC of the parotid gland. In that study, the 
5-year OS rate was 79%, which is comparable with the result 
of our study (5-year OS, 81.5%).

The clinical stage and histologic grade of MEC have been 
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Fig. 2. Comparison of (A) overall survival and (B) distant metastasis-free survival rates for patients with high-grade versus non-high-
grade tumors.
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Fig. 1. Overall survival according to histologic grade.
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reported to be important prognostic factors that affect 
therapeutic decision-making [6,9,10,18-20]. In our study, the 
histologic grade was an independent prognostic factor for OS 
in multivariate analysis. There was a significant worsening of 
OS and DMFS from low-grade to intermediate-grade to high-
grade MEC. The 5-year OS rate was 37.5% among patients 
with high-grade tumors compared with 91.7% among those 
with non-high-grade tumors. Our results are in agreement 
with the results of other studies showing the favorable 
prognosis of low-grade and intermediate-grade MEC [9,10,20]. 
Chen et al. [10] reported a 5-year OS rate of 83.3% among 
patients with non-high-grade tumors compared with 52% 
among those with high-grade tumors. Nance et al. [9] revealed 
that survival outcomes were similar among patients with low-
grade and intermediate-grade MEC of the head and neck. 
In another study by Aro et al. [19], the survival outcomes 
of patients with intermediate-grade MEC were found to be 
similar to those of patients with high-grade MEC. However, the 
number of patients in the intermediate-grade MEC group (7 of 
52 patients) was relatively small in that study. The prognosis of 
intermediate-grade MEC remains controversial.

Different sets of histologic criteria have been used for 
grading in previous studies. Therefore, the survival outcomes 
observed in retrospective studies should be interpreted 
with caution. There are three predominant grading systems, 
including the Batsakis and Luna modification of the Healey 
system [21], the Brandwein system [22], and the AFIP system 
[5]. Brandwein et al. [22] found that the AFIP grading criteria 
tended to downgrade MEC. Therefore, they proposed a 
modified grading system with the addition of other criteria 
such as vascular invasion and tumor infiltration pattern. Luna 
[4] compared all three grading systems in 2006  and found 
that the Batsakis and Luna modification of the Healey system 
and the Brandwein system were more accurate for grading 
and that the AFIP system tended to downgrade MEC. However, 
as the AFIP system is easier to reproduce, we prospectively 
graded the tumors based on this system [5] (Table 5). Despite 
the limitation, this is one of the few studies that have reported 
the survival outcomes of patients who underwent surgery 
and postoperative radiotherapy for MEC based on histologic 
grade and that have stated the grading system used for re-
evaluating the grade [10]. Institutions should use a uniform 
grading system for MEC to accurately assess the prognosis and 
set treatment guidelines.

Our data demonstrated a high rate of locoregional control, 
whereas patients with high-risk features such as high-grade 
or advanced stage showed poor OS and DMFS. For squamous 

cell carcinomas originating from other sites in the head and 
neck, postoperative concurrent chemotherapy, particularly 
with cisplatin, has been shown to improve OS [23,24]. 
However, as far as we know, there has been no prospective 
study of the role of concurrent chemotherapy in salivary gland 
cancer. Several retrospective studies have been reported, but 
most are small series with a variety of histology and various 
chemotherapy regimens [25-28]. In a series of 24 cases from 
Pederson et al. [26], concurrent postoperative chemotherapy 
(paclitaxel, 5-fluorouracil, hydroxyurea) with radiotherapy 
for locoregionally advanced and high-risk salivary gland 
malignancies showed 5-year OS rate of 59%. Mifsud et al. [27] 
analyzed 140 patients with high-risk salivary gland carcinomas 
treated with postoperative concurrent chemoradiotherapy (37 
patients) or radiotherapy (103 patients). In their population, 
concurrent platinum-based chemotherapy did not significantly 
improve progression-free survival compared to radiotherapy 
alone. The use of concurrent chemotherapy in the treatment 
of high-risk salivary gland cancer is not recommended until 
prospective evidence is available.

In our current study, the parotid gland was the predominant 
site, followed by the submandibular gland and the sublingual 
gland; these results are in agreement with other published 
findings [5,12,20]. Our result demonstrated that patients 
with parotid gland tumors had a better prognosis than those 
with non-parotid tumors; however, this result showed no 
significance in multivariate analysis. Spiro et al. [29] found that 
metastases from the submandibular gland were more frequent 
than those from the other major salivary glands. Some studies 
have indicated that patients with submandibular gland tumors 
should receive more intensive treatment [5,30]. In a recent 
study by Granic et al. [31], submandibular/sublingual MECs 
contributed to a poor prognosis compared with parotid or 

Table 5. The Armed Forces Institute of Pathology system for 
grading of salivary gland MEC

Parameter Point value/score

Intracystic component (<20%)
Neural invasion present
Necrosis present
Mitosis (≥4/10 HPF)
Anaplasia present
Grade (score)
   Low
   Intermediate
   High

+2
+2
+3
+3
+4

0–4
5–6
7–14

MEC, mucoepidermoid carcinoma; HPF, high-power fields.
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other minor salivary gland MECs. However, Brandwein et al. 
[22] reported that there was no correlation between the tumor 
site and prognosis. They indicated that the reported poor 
survival outcomes of patients with submandibular gland MEC 
in the literature may be associated with a lesser cuff of the 
surrounding normal tissue of submandibular gland resection 
specimen compared with that of a superficial parotidectomy 
specimen. 

In conclusion, this study found that histologic grade was 
the most important prognostic factor in cases of major salivary 
MEC treated with surgery and postoperative radiotherapy. 
Although surgery followed by radiotherapy could result in 
excellent locoregional control, the poor prognosis of high-
grade tumors emphasizes the need for a more aggressive 
treatment approaches such as adjuvant chemotherapy or 
targeted therapy.
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