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Abstract
Background: This study aimed to determine the effectiveness and safety of

surgery combined with postoperative 125I seed brachytherapy for treatment of

primary mucoepidermoid carcinoma (MEC) of the parotid gland.

Methods: Retrospective analysis of data of patients with MEC (n = 108) treated

with surgery plus postoperative 125I seed brachytherapy between 2004 and 2016.

Overall survival (OS), disease-free survival (DFS), local control rate (LCR), distant

metastasis, and radiation-associated toxicities were analyzed, and factors affecting

outcomes were evaluated.

Results: The 5- and 10-year OS were 98.8% and 95.8%, respectively. The DFS and

LCR at 5 and 10 years were all 91.4%. Age ≥ 60 years (hazard ratio [HR] = 6.86,

95% confidence interval [CI]: 1.54-30.55) and T4 disease (HR = 7.15, 95% CI:

1.40-36.52) were poor prognostic factors. Acute radiation-associated toxicities were

minor.

Conclusion: Surgery plus 125I seed brachytherapy appears to be an effective treat-

ment for parotid gland MEC, capable of providing satisfactory outcomes with few

complications.
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1 | INTRODUCTION

Mucoepidermoid carcinoma (MEC) accounts for 40% to 50%
of malignant tumors of the parotid gland.1 Although surgical
resection is the main treatment for these tumors,2 postoperative
radiotherapy is used to reduce the risk of recurrence. Treatment
decisions are influenced by the histological grade as clinical
prognosis varies between low-, intermediate-, and high-grade
MECs. According to the National Comprehensive Cancer Net-
work 2017 Guidelines, postoperative radiation therapy should

be considered for MECwhen there are adverse features such as
intermediate or high grade, close or positive margins, peri-
neural invasion, lymph node metastases, or lymphatic/vascular
invasion.3 However, external radiotherapy of the parotid region
is associated with many toxicities, including skin and auditory
toxicity, xerostomia, and osteoradionecrosis.4-8 Theoretically,
most of these toxicities of parotid region could be minimized
with the use of 125I seed brachytherapy, with which it is possi-
ble to deliver high dose to the tumor volume while sparing sur-
rounding tissue.9,10 The aim of this retrospective study was to
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explore the efficacy and safety of surgery combined with post-
operative 125I seed brachytherapy for treatment of MEC of the
parotid gland and to identify the factors influencing outcomes.

2 | MATERIALS AND PATIENTS

2.1 | Patients

A total of 180 adult patients with a histological diagnosis of
MEC of the parotid gland were treated at the Peking Univer-
sity School of Stomatology Hospital between February 2004
and December 2016. Patients treated for recurrence (n = 41)
and those treated with surgery alone or surgery plus external
radiotherapy (n = 31) were excluded. Finally, 108 patients
with primary MEC of the parotid gland who were treated with
surgery and postoperative 125I seed brachytherapy were
included in this retrospective study. All data related to these
patients were retrieved from the hospital records. Tumors
were staged according to the American Joint Committee on
Cancer 2016 classification.

2.2 | Surgery and seeds implantation

Surgery included resection of tumor and parotid gland (part,
superficial lobe, or total gland), with the extent of re-
section decided by tumor site and size. The facial nerves were
preserved whenever possible and damaged nerves were
reconstructed. None of the patients receive neck dissection as
all of the patients had clinically negative neck nodes; patients
who had clinically positive neck at presentation were treated
with external radiotherapy and were excluded from the study.
Radioactive seeds implantation was performed approximately
2 weeks after surgery, after wound healing was complete. The
brachytherapy treatment planning system (Beijing Atom and
High Technique Industries Inc, Beijing, China) was used for
pretreatment planning. The planning target volume included a
1 to 1.5 cm margin around the preoperative gross tumor vol-
ume. The matched peripheral dose was 100 to 120 Gy. Implan-
tation was performed with CT or template guidance. Hollow
interstitial needles (18-gauge, 150 mm) were inserted into tar-
get area, and the 125I seeds (model 6711; Beijing Atom and
High Technique Industries Inc, Beijing, China; t1/2, 59.6 days;
energy level, 27.4-31.4 keV) with activity of 22.2 to 29.6 MBq
(0.6-0.8 mCi) were implanted.

2.3 | Follow-up

Patients were evaluated every 2 months for the first 6 months,
every 3 months until the third year, and every 6 months from
the third year to the fifth year. Recurrence was evaluated by
clinical examination and confirmed by CT. Facial nerve func-
tion was evaluated by the House-Brackman grading system

before surgery, before brachytherapy, and 6 months after
brachytherapy. Radiotherapy-associated toxicities were
assessed by the Radiation Therapy Oncology Group
(RTOG) grading system.

2.4 | Statistical analysis

Overall survival (OS), disease-free survival (DFS), local con-
trol rate (LCR), and incidence of complications were ana-
lyzed. OS was calculated from the date of brachytherapy to
the date of death from any cause. LCR was calculated as the
proportion of patients not developing recurrence at the treated
site. DFS was calculated from the date of brachytherapy to
the date of local failure, distant metastases, or death from any
cause. The Kaplan-Meier method was used for analysis of
OS, DFS, and LCR at 5 and 10 years. The Cox proportional
hazards regression model was used for multivariate analysis
to identify the predictors of outcome. Descriptive statistics
was used for analysis of the complications of treatment. IBM
SPSS Statistics for Windows, version 20.0 (IBM Corp,
Armonk, New York) was used for statistical analysis. Statisti-
cal significance was at P ≤ .05.

This study was approved by the Ethics Committee of
Peking University School and Hospital of Stomatology.

3 | RESULTS

Table 1 lists the demographic and clinical characteristics
of all patients. The 108 patients included 48 men (44.4%)
and 60 women (55.6%), aged 18 to 79 years (mean age,
41.7 years). T classification was T1 in 36 patients, T2 in
34 patients, T3 in 6 patients, and T4 in 32 patients. There
were 30 low-grade tumors, 54 intermediate-grade tumors,
and 8 high-grade tumors; the histologic grade of 16 patients
was unclear.

Table 2 lists the surgery characteristics. The operative
procedure included partial tumor resection (9 patients),
superficial parotidectomy (8 patients), total parotidectomy
(7 patients) and extensive local excision (84 patients). The
margins were clear in 31 patients, positive in 33, and close
in 44. No patient underwent radical parotidectomy. Facial
nerve paralysis was present in three patients before treatment
and, during surgery, the facial nerves were seen traversing
the tumor. The same was also seen in 12 other patients who
did not have facial palsy. In all of these 15 patients, during
resection of the tumor, a small part of the tumor surrounding
the nerve was left in situ. The facial nerves of 19 patients
were adherent to the tumors and had to be carefully sepa-
rated from the growth. In the process, the temporal branch
was damaged in three patients and had to be anastomosed.
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3.1 | Local control rate

Median follow-up was for 50.0 months (range, 5-157 months).
The LCR was 91.4% at both 5 and 10 years after treatment

(Figure 1). A total of eight patients developed local recurrence
(Table 3): these included four patients with low-grade tumors,
two with intermediate-grade tumors, and two with high-grade
tumors. Among these patients T classification was T1 in two
patients and T4 in six patients. Positive margins were
recorded in six patients. The median time to recurrence was
25.5 months. Treatment of recurrence was with a second sur-
gery (four patients), 125I seed brachytherapy (two patients), or
surgery plus 125I seed implantation (one patient).

On univariate analysis, age (≥60 years vs <60 years), T
classification (T4 vs T1-T3), and perineural invasion (positive
vs negative) were significantly associated with LCR. The
5-year LCR was significantly higher in patients <60 years than
in those ≥60 years (93.8% vs 71.3%; P = .008; Figure 2A); in
T1-T3 disease than in T4 disease (96.9% vs 81.5%; P = .01;
Figure 2B); and in patients without perineural invasion than in
patients with perineural invasion (95.1% vs 82.6%; P = .03).
The 5-year LCR was 85.8%, 95.9%, and 71.4%, respectively, in
patients with low-grade, intermediate-grade, and high-grade
tumors (P = .10). The 5-year LCR was higher in patients with
negative margins than in patients with close/positive margins,
but the difference was not statistically significant (100% vs
88.3%; P = .08).

On multivariate analysis performed using the Cox propor-
tional hazard model, advanced T classification, close/positive
margins, perineural invasion, and age ≥ 60 years were inde-
pendent predictors of poor LCR. Age ≥ 60 years (P = .01)
and T4 disease (P = .02) were strong predictors of poor local
control. The hazard ratio for mortality was 6.86 (95% confi-
dence interval [CI]: 1.54-30.55) for patients with
age ≥ 60 years and 7.15 (95% CI: 1.40-36.52) for patients
with T4 disease.

TABLE 1 Patient and tumor characteristics

Characteristic Patients (n = 108)

Sex

Men 48 (44.4%)

Women 60 (55.6%)

Ages

18-44 58 (53.7%)

45-59 38 (35.2%)

>60 12 (11.1%)

Mean age 41.7

T stage

T1 36 (33.3%)

T2 34 (31.5%)

T3 6 (5.6%)

T4 32 (29.6%)

Histological grade

Low 30 (27.8%)

Intermediate 54 (50%)

High 8 (7.4%)

Unknown 16 (14.8%)

Facial nerve palsy

Absent 105 (97.2%)

Present 3 (2.8%)

Perineural invasion

Negative 74 (68.5%)

Positive 34 (31.5%)

TABLE 2 Surgery characteristics

Characteristic Patients (n = 108)

Surgery type

Partial tumor resection 9 (8.3%)

Extensive local excision 84 (77.8%)

Superficial parotidectomy 8 (7.4%)

Total parotidectomy 7 (6.5%)

Cut margins

Negative 31 (28.7%)

Close (<5 mm) 44 (40.7%)

Positive 33 (30.6%)

Facial nerve

Preserved 105 (97.2%)

Sacrificed and reconstruct 3 (2.8%)

FIGURE 1 Kaplan-Meier curve for local control rate [Color
figure can be viewed at wileyonlinelibrary.com]

WU ET AL. 3221

http://wileyonlinelibrary.com


3.2 | Survival rate

OS at 5 and 10 years was 98.8% and 95.8%, respectively
(Figure 3). DFS was 91.4% at both 5 and 10 years. OS at
5 years was 100% in patients with low-grade tumor, 97.5%
in patients with intermediate-grade tumor, and 66.7% in
patients with high-grade tumor. Only two patients died due
to MEC during the follow-up period: one patient had high-
grade disease, T4 tumor, and positive margin, whereas the
other patient had intermediate-grade disease, T4 tumor, and
negative margin. The first patient developed recurrence
3 years after 125I seeds implantation and underwent three
further surgeries. The second patient discontinued treatment
after being diagnosed with recurrence and distant metastasis
at 2 years after seeds implantation.

Age, histologic grade, T classification, cut margin status,
and perineural invasion were not associated with OS on uni-
variate analysis.

3.3 | Facial nerve function

Although 3 patients had facial nerve paralysis before surgery
(Table 4), 37 (34.2%) patients suffered facial nerve injury
during surgery. Most of the symptoms relieved within
6 months.

3.4 | Lymph node or distant metastasis and
complications

No patient had confirmed N+ disease before treatment, and
no patient developed lymph node metastasis during follow-
up. One patient was diagnosed with lung metastasis 2 years
after seeds implantation.

No patients experienced acute toxicity beyond grade 4.
Grade 0, grade 1, grade 2, and grade3 skin reaction were
experienced by 23 (21.3%), 70 (64.8%), 12 (11.1%), and
3 (2.8%) patients, respectively. No patient had hypoacusis,

TABLE 3 Characteristics of the eight patients who had recurrence

Patient Age Sex T stage
Histological
tumor grade Cut margin

Time to
relapse (mo) Second operation

Alive or
Deceased

1 79 M 4 HG Positive 28 Resection Alive

2 33 W 4 IMG Positive 6 Resection +125I Alive

3 72 W 4 LG Positive 4 Resection Alive

4 39 W 1 LG Close 10 Resection Alive

5 44 M 4 HG Positive 36 Resection Died

6 22 W 1 LG Close 27 125I Alive

7 74 W 4 LG Positive 24 125I Alive

8 55 M 4 IMG Positive 27 None Died

Abbreviations: HG, high grade; IMG, intermediate grade; LG, low grade; M, men; W, women.

FIGURE 2 Local control rate according to age (<60 vs ≥60 years, P = .008) (A) and Local control rate according to T stage (T1-T3 vs T4,
P = 0.01) (B) by Kaplan-Meier analyses [Color figure can be viewed at wileyonlinelibrary.com]
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trismus, or oral mucositis during follow-up. All acute reac-
tions resolved within 6 months. All patients were evaluated
for late toxicities including pain, edema, xerostomia, hearing
loss, trismus, osteoradionecrosis, and radiation-induced malig-
nancies. One patient developed external auditory canal squa-
mous cell carcinoma 1 year after 125I seeds implantation. No
other serious late toxicity was recorded.

4 | DISCUSSION

In an earlier study, the OS of patients with MEC of the parotid
gland treated by surgery and postoperative radiation therapy
were 85% and 79%, respectively at 3 and 5 years.11 In other
studies, the 5-year OS rates have ranged from 79.3% to 92.4%
and the 10-year OS rates from 86.3% to 91.3% (Table 5), with
the rate generally tending to be lower in patients with high-
grade tumors. However, not all patients in these studies
received postoperative radiation. As for LCR, Chen et al
reported the 3- and 5-year LCRs of patients with MEC treated
with surgery plus external radiotherapy to be 89% and 84%,
respectively.11 In another study on 113 patients with MEC,

61% of whom were treated with external radiotherapy, the 5-
and 10-year LCRs were 77.8% and 75.5%, respectively.12

The OS and LCR of patients treated with surgery plus
125I seeds brachytherapy are encouraging. In our study, OS
at 5 and 10 years was 98.8% and 95.8%, respectively, and LCR
was 91.4% at both 5 and 10 years. The result is consistent with
Mao et al who reported 100% OS and LCR among 24 pediatric
patients with MEC treated by surgery combined with postoper-
ative 125I seeds brachytherapy; the follow-up in their study was
5 to 13.4 years.15 Zhang et al treated 12 patients with malignant
parotid tumors (6 with MEC) with postoperative 125I seeds
implantation and reported no tumor recurrence in any patient
after follow-up of 50 to 74 months.16

Our study included a large proportion of patients with low-
risk disease characteristics, (eg, primary tumor and clinically
node negative neck) and a large ratio of low-/intermediate-
grade cases, which makes comparison with other studies diffi-
cult. Our results were consistent with that of Boahene et al13

who reported OS at 5 and 10 years of 96.6% and 91.3%,
respectively, and LCR at 5 and 10 years of 96.6% and 95.2%,
respectively. They too selected patients with low risk (ie, pri-
mary tumor, 93% low- and intermediate-grade disease, and
97% clinically node negative neck). Only 8% of their patients
received postoperative radiotherapy. However, the surgical
treatments in their study were relatively aggressive. The rates
of total parotidectomy, subtotal parotidectomy, and radical
parotidectomy were 54%, 36%, and 10%, respectively. More-
over, 15 patients (16.7%) in their study underwent neck dis-
sections. In our study, 84 patients (77.8%) received extensive
local excision. This is why all of our patients were rec-
ommended postoperative adjuvant 125I seed brachytherapy.
Our results suggest that conservative resection combined with
125I seed brachytherapy can provide excellent local control.

Neck dissection is recommended for patients with high-
grade tumor and advanced stage. However, none of our
patients received neck dissection. Several reports have
shown that lymph node metastasis of MEC is associated
with high-grade tumor. Aro et al studied 52 cases of major
salivary gland tumor and reported lymph node metastasis in
50% of patients with high-grade MEC; however, they did
not find tumor-positive lymph nodes in patients with low-
grade MEC.17 Nance et al investigated 20 patients who
underwent neck dissection and reported that 12 of the
13 patients with confirmed N1 disease had high-grade
tumors.18 In our study, most patients had intermediate- and
low-grade tumors. We therefore preferred to omit neck dis-
section and keep the patients under close follow-up.

On multivariate analysis, we found age ≥ 60 years and
T4 disease to be independent predictors of local control fail-
ure. Earlier studies have shown high histological grade,
advanced T classification, positive surgical margins, and
older age to be prognostic factors.10,12,14,17 In one study of

FIGURE 3 Kaplan-Meier curve for overall survival [Color figure
can be viewed at wileyonlinelibrary.com]

TABLE 4 Facial nerve function according to the
House-Brackmann grading system

Time
Grade

I II III IV V

Before surgery 105 - 3 - -

Before brachytherapy 71 11 13 11 2

6 mo after brachytherapy 93 10 2 2 1
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primary parotid gland carcinoma treated with 125I seed
brachytherapy alone, the survival rate of older patients
(≥60 years) was significantly lower than that of younger
patients (<60 years).10 Cederblad et al19investigated 144 patients
with parotid gland carcinoma and reported the 5-year survival
rate in patients >65 years to be significantly lower than that of
patients <65 years (P < .01). T classification has also been
identified as a significant prognostic factor in MEC.20 Chen
et al found that the locoregional control at 5 years after treat-
ment with surgery plus postoperative radiation was 88% for
patients with T1-T3 tumors and 64% for those with T4 tumors
(P = .001).11 Their result was in line with that of our study, in
which the 5-year LCR was 96.9% for T1-T3 tumors and 81.5%
for T4 tumors.

High-grade MEC is usually associated with poor OS and
LCR in literature (Tables 5 and 6). In some studies, histologi-
cal grade has been shown to be a statistically significant
predictor of DFS and OS.14,21 Furthermore, patients with
high-grade disease are usually advised adjuvant radiother-
apy.3 Chen et al investigated 24 patients with high-grade
MEC, who received surgery and postoperative external
radiation therapy.11 The 5-year OS and LCR in their study
was 52% and 79%, respectively. Patients in their cohort had
high-risk characteristics, including lymph-node metastasis
and distant metastasis, but they also received more aggressive
surgery such as locoregional resection and neck dissection.

Their results are similar to ours. In our study, the 5-year OS
and LCR for high-grade MEC were 66.7% and 71.4%, respec-
tively. These outcomes suggest that our approach is a feasible
option for treatment of high-grade MEC—especially for
patients with primary tumors and clinically node negative
neck—but this needs to be confirmed on larger samples.

Radiation-induced toxicities were minor in our study.
Although 97.2% of the patients experienced RTOG grade 0-2
acute skin reaction, all recovered completely. Only one patient
(0.9%) developed external auditory canal squamous cell carci-
noma. We believe that the low levels of toxicity in our cohort
are related to the limited anatomic volumes that were treated.
A large proportion of the toxicities seen with external beam
radiotherapy is due to the inclusion of the neck in the treat-
ment field. Thus, 125I seed brachytherapy appears to be rela-
tively safe for the treatment of parotid region tumors.

Our study has several important limitations. First, we did
not have data on patients treated with surgery plus external
radiotherapy during the same period; a comparison of the out-
comes in the two cohorts would have more clearly demon-
strated the benefits of brachytherapy. Second, toxicities were
retrospectively determined by review of medical records; it is
likely that not all complications were captured. Third, the his-
tological grade of a small proportion of tumors was not
known; this may have affected our results. Lastly, by exclud-
ing patients with clinically node negative necks we may have

TABLE 5 Overall survival in patients with MEC of parotid reported in previous studies

Study N Research style
Tumors located
in parotid (%)

Patients received
PORT (%)

Overall survival (%)

Total HG IMG LG

Chen et al11 61 Retrospective 100 100 5 y 79 52 80 84

Ghosh-Laskar et al12 113 Retrospective 100 61 5 y 92.4 73.3 94.1 96.8

10 y 86.3 73.3 82.4 96.8

Boahene et al13 89 retrospective 100 8 5 y 96.6 - - -

10 y 91.3 - - -

McHugh et al14 125 Retrospective 86.4 59.2 5 y 79.3 51 95.1 92.8

Abbreviations: HG, high grade; IMG, intermediate grade; LG, low grade; MEC, mucoepidermoid carcinoma; PORT, postoperative radiotherapy.

TABLE 6 Local control rate of MEC of parotid reported in previous studies

Study reference N Study design
Tumors located
in parotid (%)

Patients receiving
PORT (%)

Local control rate (%)

Total HG IMG LG

Chen et al11 61 Retrospective 100 100 5 y 84 79 84 85

Ghosh-Laskar et al12 113 Retrospective 100 61 5 y 77.8 52.5 80.7 84.6

10 y 75.5 35.0 80.7 84.6

Boahene et al13 89 Retrospective 100 8 5 y 96.6 - - -

10 y 95.2 - - -

Abbreviations: HG, high grade; IMG, intermediate grade; LG, low grade; MEC, mucoepidermoid carcinoma; PORT, postoperative radiotherapy.
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introduced a selection bias. Patients with relatively poor prog-
nosis were under-represented in our sample, making compari-
son with patients treated by external beam radiotherapy
difficult. We further sought to establish survival statistics for
MEC of parotid gland treated by 125I brachytherapy combined
with surgery.

In conclusion, the combination of surgery and 125I
brachytherapy appears to be an effective and safe treatment
option for MEC of parotid gland with clinically node nega-
tive neck, especially when the tumor is of low/intermediate
grade. The OS and LCR are acceptable, and radiation-related
complications are few. Older age and T4 disease are adverse
prognostic indicators after treatment.
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