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Background: The aim of this study was to analyze clinicopathological characteristics and prognostic value
of age stratification for in patients with major salivary gland mucoepidermoid carcinoma (MSG-MEC).
Methods: MSG-MEC patients were extracted from the Surveillance, Epidemiology and End Results (SEER)
database between 2010 and 2014. We examined the clinicopathological variables using Chi-squared tests.
Univariate and multivariate analyses were performed to determine the effects of each variable on survival.
Results: A total of 729 patients were analyzed. Younger patients tended to be female and present with low
grade disease and less-advanced N classification (P<0.05). In multivariate analyses, the patients aged 5-19
had better survival rates, and the risk of death became higher with increasing age. Compared to patients aged
80-95-years-old, the hazard ratios for patients aged 5-19, 20-29, 30-39, 40-49, 50-59, 60-69 and 70-79
years old were 0.000 [95% confidence interval (CI): 0.000—>1,000), 0.187 (95% CI: 0.041-0.854), 0.172 (95%
CI: 0.039-0.771), 0.006 (95% CI: 0.010-0.361), 0.310 (95% CI: 0.140-0.685), 0.541 (95% CI: 0.261-1.121)
and 0.440 (95% CI: 0.230-0.840), respectively. Subgroups analysis shows that the effect of advancing age
was significantly associated with a higher risk of poor survival in Caucasian who harbored NO classification
(P<0.001), non-metastatic disease (P<0.001) or received surgery (P<0.001).

Conclusions: Younger patients tended to be female and present with low grade disease and less-advanced
N classification. The risk of death became higher with increasing age. However, when considering patients
affected by more aggressive disease, age was not significantly associated with higher risk of dying from
MSG-MEC. In high-risk patients, tumor characteristics rather than age should be considered when making

treatment decisions.
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Introduction

Salivary glands carcinomas comprise a morphologically
diverse group of rare tumors of unknown cause (1,2). These
malignant tumors account for 0.4-2.6 cases per 100,000
people in the USA. According to the National Cancer
Data Base Report on Cancer of the Head and Neck in
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the USA, major salivary gland tumors accounted for 6%
of all malignant tumours in the head and neck and 0.3%
of all malignancies (2,3). Mucoepidermoid carcinoma
(MEC) is the most common reported pathology of parotid
cancer, comprising approximately 30% of all salivary
malignancies (4). Approximately 60% of MECs originate
from the major salivary glands (MSG), and the parotid
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gland is the predominant site (5).

Several studies have described the association between
the clinicopathological characteristics, including age,
tumor size, tumor grade, tumor stages at presentation, and
lymph node or distant metastases and clinical outcomes
of MSG-MEC. Surgery has been the principal treatment
modality for salivary glands mucoepidermoid carcinoma
and postoperative radiotherapy has been used for close
or positive resection margins, high-grade tumors, T34
tumors, and neck node metastases (6).

The age distribution of MSG-MEC is unimodal, peaking
in individuals aged between 45.78-57 years old (7-10).
Whether different age groups of patients with MSG-MECs
have different survival outcomes remains controversial.
Koul et al. found that age >60 years were statistically
significant predictor of disease-specific survival (11).
However, Hocwald ez a/. showed that age had no effect on
survival outcomes for patients older than 50 years old (12).
Kupferman ez /. showed the favorable results among
pediatric patients (<19-years-old) with salivary gland
malignancies, with marginal long-term complications (13).
However, since MSG-MEC:s are relatively rare, we queried
the Surveillance, Epidemiology, and End Results (SEER)
database. Therefore, the objective of this study is to assess
the clinicopathological features and prognostic value of age
on overall survival (OS) and cancer-specific survival (CSS)
for MSG-MEC patients. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/tcr-20-2197).

Methods
Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by Fudan University Shanghai Cancer
Center Ethics committee (reference number 1 410 140-8).
Written informed consent was obtained from all individual
participants included in the study.

Cobort population

We obtained data from the current SEER database, which
consists of 18 population-based cancer registries, and the
grading systems were based on grade codes in ICD-O-3.
This database collects and publishes cancer prevalence
and survival data covering approximately 28% of the total
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population in the United States. SEER*Stat Version 8.3.4
(http://www. seer.cancer.gov/seerstat) from the National
Cancer Institute was used to identify eligible patients in
this study. Because the SEER database began collecting
information on the presence or absence of metastases at the
time of diagnosis in 2010, we included patients diagnosed
with microscopically confirmed MSG-MEC between 1
January 2010 and 31 December 2014. We selected patients
with only one primary malignancy in their lifetime. We
excluded patients mainly because of lack of pathology type
of tumor, unknown racial information, unstaged tumors or
‘blanks’ metastatic site. In total, 729 MSG-MEC patients
were eligible for inclusion in the prevalence analyses.

Statistical analysis

Descriptive statistics were used to examine the baseline
characteristics of the patients. The primary study outcomes
were OS and CSS. OS was defined as time to the date of
death due to any cause or the date of last follow-up. CSS
was defined as time from initial treatment to death due to
cancer. Kaplan-Meier survival curves were compared using
the log-rank test. Hazard analysis was conducted using the
Cox proportional hazards model. SPSS software, version
22.0 (SPSS, Chicago, IL, USA) was used for additional
data processing. A probability value (P value) of <0.05 was
considered statistically significant for all tests.

Results
Clinical characteristics of all patients

Data for a total of 729 padents (361 males and 368 females)
were investigated. The median age was 54 years (range, 5-95
years). 41 (5.6%), 68 (9.3%), 84 (11.5%), 106 (14.5%), 146
(20.0%), 132 (18.1%), 98 (13.4%) and 54 (7.4%) patients
were aged 5-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79
and 80-96 years old, respectively. Among the cohort of
the patients, 28.9%, 45.3% and 25.8% tumors were well
differentiated (Grade I), moderately differentiated (Grade
II) and poorly/undifferentiated differentiated (Grade III),
respectively.

According to the 7th edition of UICC/AJCC Staging
System, 335 patients (46.0%) were T'1, 205 patients (28.1%)
were 12, 111 patients (15.2%) were T3, 78 patients (10.7%)
were T4. With regard to N classifications, 597 patients
(81.9%) were NO, 62 patients (8.5%) were N1, 67 patients
(9.2%) were N2, and 3 patients (0.4%) were N3. Patients
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with parotid gland carcinoma were more than eighty
percent of all patients (85.2%). Younger patients tended
to be female and present with low grade disease and less-
advanced N classification (P<0.05). The clinicopathological
features stratified by age at diagnosis are listed in Table 1.

Survival

The overall mean follow-up of all patients in the cohort
was 26.0 months (range, 0-59 months). Since the time of
follow-up is short, we estimated the 3-year OS and CSS
for patients. In the univariate analysis, gender, age, tumor
grade, T category, N category, distant metastases and
surgery therapies were significantly associated with OS and
CSS (P<0.05). The patients aged 15-29 had better survival
rates, and the risk of death became higher with increasing
age (1able 2).

Gender, age, race, grade, T classification, N
classification, surgery therapies and distant metastases were
selected in the multivariate model. Gender, age, race, grade,
N classification, surgery therapies and distant metastases
were all independent prognostic factors in the multivariable
analysis (7able 3). Compared to patients aged 80-95-years-
old, the hazard ratios for patients aged 5-19, 20-29, 30-39,
40-49, 50-59, 60-69 and 70-79 years old were 0.000 [95%
confidence interval (CI): 0.000—>1,000], 0.187 (95% CI:
0.041-0.854), 0.172 (95% CI: 0.039-0.771), 0.006 (95% CI:
0.010-0.361), 0.310 (95% CI: 0.140-0.685), 0.541 (95%
0.261-1.121) and 0.440 (95% CI: 0.230-0.840), respectively.

Subgroup analysis of the relationship between age and
survival

Multivariate Cox regression analysis demonstrated that
variables, including gender, age, race, grade, N classification,
surgery therapies and distant metastases were all independent
prognostic factors of OS and CSS. To rule out the effects of
these variables and further validate the effect of age on OS
and CSS, we conducted the subgroup analysis based on these
variables (Table 4). Remarkably, subgroups analysis shows that
the effect of advancing age was significantly associated with
a higher risk of poor survival in Caucasian who harbored NO
classification (P<0.001), non-metastatic disease (P<0.001) or
received surgery (P<0.001).

Discussion

In this study, 729 patients with major salivary glands MEC
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were evaluated and we observed different age groups have
distinct clinical manifestations. For instance, similar to
results from other series, younger patients tended to be
female and older patients tended to be male (14-16). These
findings raise the possibility that hormonal influences
may be important to the development of MECs. The
evidence linking carcinomas of the major salivary glands
to occupational exposures is sparse, and it is plausible that
the more prominent rise in incidence of carcinomas of the
major salivary glands at older ages among males compared
to females, may reflect occupational exposures in male-
dominated jobs.

In the present study, younger patients tended to present
with low grade disease. Brandwein et #/. (17) and Liu
et al. (18) also reported the mean age to be lowest among
patients with a low-grade tumor, while those with a high-
grade tumor were older, which is similar to results from our
series.

Several studies have reported age was significantly
associated with OS. However, a myriad of cut-off points
have been employed, including 56, 40, 62, or 50-years-
old (6,11,12,19,20). Koul ez 4l. found that age >60 years
were statistically significant predictor of disease-specific
survival (11). However, Hocwald ez /. showed that age
had no effect on survival outcomes for patients older
than 50 years old (12). Kupferman ez #/. showed the
favorable results among pediatric patients (<19-years-
old) with salivary gland malignancies, with marginal
long-term complications (13). The conflicting results
may be related to the heterogeneity of the patients’
cohorts, sample size, different treatment strategies and
critical point definitions. However, all these authors did
not further analyze the impact of different age groups.
Our study classified all patients using 8 age groups and
further clarifies the clinical manifestations and treatment
outcomes according to age stratification.

A variety of factors may influence the effect of age
on survival. More younger patients received surgery,
radiotherapy and chemotherapy, and were less likely to have
serious comorbidities, such as cardiovascular and pulmonary
diseases, resulting a higher treatment completion rate and
better treatment outcome (21). Additionally, older age is
associated with decreased immune function, which not only
promote the development of cancer, but also weaken the
hosts’ immune response to disease. In our study, we assessed
CSS as the end-point to reduce the potential impact of
deaths not related to cancer and our study suggests the
patients aged 5-19 had better survival rates, and the risk of
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Table 1 Demographic characteristics of patients stratified by age at diagnosis

Features n % 5-19,n 20-29,n 30-39,n 40-49,n 50-59,n 60-69,n 70-79,n 80-95,n P
Gender 0.002
Male 368 50.5 15 30 29 54 75 81 50 34
Female 361 495 26 38 55 52 71 51 48 20
Race 0.000
Caucasian 547 75.0 35 47 48 71 108 104 87 47
Asian 88 12.1 4 12 22 16 13 10 6 5
African American 94 129 2 9 14 19 25 18 5 2
T classification 0.059
T 335 46.0 14 33 44 54 78 54 40 18
T2 205 28.1 16 17 25 33 39 32 24 19
T3 111 15.2 7 8 ikl 11 16 27 23 8
T4 78 107 4 10 4 8 13 19 11 9
N classification 0.031
NO 597 81.9 34 58 78 95 120 100 71 41
N1 62 8.5 2 4 4 4 10 17 12 9
N2 67 9.2 4 6 2 7 15 15 14 4
N3 3 0.4 1 0 0 0 1 0 1 0
Grade 0.000
1 211 28.9 19 27 26 35 47 33 17 7
2 330 453 18 37 47 59 64 49 38 18
3 188 25.8 4 4 11 12 35 50 43 29
Distant metastases 0.085
No 714 979 41 67 84 103 144 129 96 50
Single 12 16 0 1 0 1 2 2 2 4
Multiple 3 0.4 0 0 0 2 0 1 0 0
Surgery therapy 0.000
Yes 712 97.7 41 68 84 101 145 128 98 47
No 17 23 0 0 0 5 1 4 0 7
Tumor location 0.606
Parotid gland 621 85.2 38 60 66 92 120 110 87 48
Submandibular gland 84 115 3 7 13 8 20 16 11 6
Sublingual gland 8 1.1 0 0 1 2 3 2 0 0

o
Y
~
N
w
N
o
o

Major salivary gland, NOS 16 2.2

NOS, not otherwise specified.
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Table 2 Survival analysis of overall survival and cancer-specific
survival of MSG-MEC

3-y overall 3-y cancer-specific
Prognostic factor survival survival
% P % P
Gender <0.001 <0.001
Male 80.3 82.8
Female 93.4 96.4
Age <0.001 <0.001
5-19 100.0 100.0
20-29 95.1 95.1
30-39 96.7 100.0
40-49 96.4 96.4
50-59 92.2 92.2
60-69 76.3 80.9
70-79 77.2 79.9
80-95 61.9 72.6
Race 0.026 0.078
Caucasian 84.8 87.9
Asian 92.9 94.4
African American 93.3 94.8
Grade <0.001 <0.001
1 99.4 100
2 94.4 97.0
3 60.1 63.6
T classification <0.001 <0.001
T1 96.5 97.9
T2 88.4 91.3
T3 66.0 71.4
T4 70.3 72.9
N classification <0.001 <0.001
NO 93.4 96.0
N1 56.5 59.0
N2 58.5 62.1
N3 66.7 66.7

Table 2 (continued)
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Table 2 (continued)

3-y overall 3-y cancer-specific
Prognostic factor survival survival
% P % P
Tumor location 0.733 0.813
Parotid gland 86.2 89.1
Submandibular gland 90.2 91.6
Sublingual gland 100 100
Major salivary gland, 83.3 88.9
NOS
Surgery therapy <0.001 <0.001
Yes 88.1 90.7
No 30.3 35.1
Distant metastases <0.001 <0.001
No 88.3 91.1
Single 14.3 14.3
Multiple 0 0

NOS, not otherwise specified.

death became higher with increasing age. These findings
suggest that MSG-MEC in younger adults exhibits
distinct biological behavior. One theory partly explains
the increased incidence of cancer in the elderly is that in
the context of immune aging and long-term exposure to
environmental factors such as tobacco or alcohol. This
difference in exposure and immune aging may lead to
biological differences in solid tumors between older patients
and younger patients (22-24).

This is the first population-based analysis assessing
clinicopathological features and prognostic value of age on
OS and CSS for MSG-MEC patients. Some limitations of
our study should be acknowledged. First of all, retrospective
analysis may contribute to some bias. Second, the lack of
data on additional predictors of OS such as performance
status, comorbidities, tobacco smoking and alcohol
consumption, prevented us to adjust our analyses for these
important factors. Finally, also due to the data limitations of
the SEER database, local invasion, tumor size and positive
surgical margins at final pathology were not able to be
analyzed between age at diagnosis and CSS in this study.
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Table 3 Multivariable logistic regression for OS and CSS in the SEER cohort

Prognostic factor Overall survival Cancer-specific survival
P value HR Lower 95% CI  Higher 95% CI P value HR Lower 95% CI Higher 95% CI

Age 0.000 0.024
5-19 0.000 0.000 >1,000 0.901 0.169 4.800
20-29 0.188 0.041 0.862 0.928 0.218 3.960
30-39 0.208 0.045 0.956 0.914 0.217 3.853
40-49 0.079 0.015 0.425 0.914 0.238 3.512
50-59 0.315 0.142 0.697 0.937 0.266 3.294
60-69 0.480 0.247 0.933 0.946 0.263 3.403
70-79 0.541 0.258 1.136 0.958 0.249 3.687
80-95 1 (reference) 1 (reference)

Gender 0.090 0.033
Male 1.475 0.842 2.582 1.022 0.560 1.864
Female 1 (reference) 1 (reference)

Grade 0.000 0.000
1 0.055 0.007 0.424 0.884
2 0.338 0.165 0.692 0.886 0.335 2.331
3 1 (reference) 1 (reference) 0.370 2.121

T classification 0.147 0.194
T 0.679 0.291 1.582 1.008 0.350 2.903
T2 1.107 0.517 2.371 1.007 0.344 2.946
T3 1.989 1.017 3.890 1.063 0.340 3.327
T4 1 (reference) 1 (reference)

N classification 0.070 0.024
NO 0.802 0.101 6.359 0.890 0.021 37.494
N1 1.403 0.172 11.418 1.008 0.022 45.567
N2 1.660 0.210 13.142 0.985 0.022 43.979
N3 1 (reference) 1 (reference)

Surgery therapy 0.019 0.035
Yes 0.293 0.106 0.808 0.789 0.078 8.003
No 1 (reference) 1 (reference)

Distant metastases ~ 0.000 0.000
No 0.003 0.000 0.032 0.000 0.000 0.201
Single 0.010 0.001 0.093 0.000 0.000 0.429
Multiple 1 (reference) 1 (reference)

Race 0.011 0.009
Caucasian 3.505 1.087 11.301 1.045 0.443 2.464
Asian 2.405 0.512 11.292 1.028 0.320 3.302
African American 1 (reference) 1 (reference)

P values were calculated using an adjusted Cox proportional-hazards model. OS, overall survival; CSS, cancer-specific survival; Cl,
confidence interval; HR, hazard ratio.
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Table 4 The effect of age on OS and CSS based on different subgroup variables

Prognostic factor

Overall survival

Cancer-specific survival

P value HR Lower 95% Cl Higher 95% CI P value HR Lower 95% CI Higher 95% CI

Gender

Male 0.000 1.597 1.333 1.913 0.000 22.678 1.000 0.000

Female 0.000 1.936 1.400 2.677 0.010 6.603 1.000 0.010
Grade

1 0.253  15.251 0.142 1,636.270 Null Null Null Null

2 0.002 1.707 1.208 2.412 0.021 5.328 1.000 0.021

3 0.015 1.254 1.045 1.505 0.066 3.375 1.000 0.066
Race

Caucasian 0.000 1.789 1.497 2.137 0.000 1.672 1.368 2.045

Asian 0.542 1.169 0.708 1.928 0.323 1.325 0.758 2.316

African American 0.541 1.224 0.641 2.336 0.891 1.051 0.515 2.148
T classification

T1 0.000 2.458 1.513 3.994 0.015 2.098 1.156 3.804

T2 0.000 1.981 1.393 2.819 0.003 1.833 1.227 2.738

T3 0.011 1.382 1.077 1.773 0.036 1.353 1.020 1.795

T4 0.029 1.335 1.030 1.730 0.041 1.365 1.013 1.839
N classification

NO 0.000 2.232 1.685 2.956 0.000 2.450 1.605 3.740

N1 0.047 1.369 1.005 1.866 0.066 1.351 0.980 1.864

N2 0.081 1.253 0.972 1.616 0.195 1.184 0.917 1.528

N3 0.792 1.122 0.476 2.644 0.792 1.122 0.476 2.644
Distant metastases

No 0.000 1.779 1.497 2.113 0.000 1.682 1.376 2.057

Single 0.510 1.147 0.763 1.724 0.510 1.147 0.763 1.724

Multiple 0.582  13.018 0.001 >1,000 0.582  13.018 0.001 >1,000
Surgery therapy

Yes 0.000 1.690 1.433 1.993 0.000 1.602 1.324 1.938

No 0.228 1.317 0.842 2.060 0.248 1.347 0.812 2.235

OS, overall survival; CSS, cancer-specific survival; Cl, confidence interval; HR, hazard ratio.

Conclusions when considering patients affected by more aggressive

disease, age was not significantly associated with higher risk
Younger patients tended to be female and present with of dying from MSG-MEC. In high-risk patients, tumor
low grade disease and less-advanced N classification. The characteristics rather than age should be considered when
risk of death became higher with increasing age. However, making treatment decisions.
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