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Background: Primary pulmonary mucoepidermoid carcinoma (PMEC) is a rare malignant tumor, and the 
clinical manifestations lack specificity. The study evaluates the prognostic factors and constructs a practicable 
nomogram to estimate the individualized survival status for PMEC patients.
Methods: Surveillance, Epidemiology, and End Results (SEER) database was used to selected eligible 
patients between 1975 and 2016. The baseline characteristics including age, sex, race, marital status, tumor 
stage, differentiated degree, tumor laterality, primary tumor site, tumor size, lymph node metastases status, 
distant metastases status, surgery, chemotherapy, and radiation. We identified independent variables to 
build 3-, 5-, 10-year overall survival (OS) and cancer-specific survival (CSS) nomograms by univariate and 
multivariate analyses.
Results: A total of 438 PMEC patients met our selection criteria. In multivariate analysis, age, tumor 
stage, differentiated grade, tumor size, lymph node metastases status, distant metastases status, surgery and 
radiation were involved in the nomogram. The C-index (0.887 (95% CI: 0.863–0.911), calibrate plots and 
ROC curves (AUC =0.941, 0.951, 0.935 for 3-, 5-, 10-year OS, respectively) indicated the satisfied accuracy 
and practicability of our nomograms. Compared to TNM system, our model also showed a superior 
prediction (IDI =0.167, 0.171, 0.172, P<0.001).
Conclusions: We built OS (CSS) nomograms that can accurately estimate individualized survival time and 
identify the risk classification of PMEC.
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Introduction

Mucoepidermoid carcinoma is the most common malignant 
salivary gland tumor in children and adults (1). Most 
mucoepidermoid carcinoma identified in the head and neck 
can also occur in other sites, such as lung, skin, breast, liver, 
and so forth (1-3). Pulmonary mucoepidermoid carcinoma 
(PMEC) is rare, which originates from the submucosal 
glands of the tracheobronchial tree (4,5). It was first defined 
in 1952 by Smetana et al. (6) and accounted for only 0.1–
0.2% of all primary pulmonary malignant tumors (7).

PMEC is composed of mucinous cells, intermediate cells, 
and squamous cells arranged in solid, cystic, or glandular 
shape (8). According to the degree of cell differentiation, 
atypia, and mitotic figures, PMEC was classified as low 
and high-grade (9). The majority of high-grade PMEC 
is the solid squamous cell with strong invasiveness, 
presenting with regional lymph node metastasis, and distant  
metastasis (10). Low-grade PMEC is mostly cystic 
components, with a favorable prognosis. However, due 
to the lack of specificity in PMEC patients’ clinical 
manifestations, the grade classification and diagnosis of 
PMEC depends on bronchoscopy and lung biopsy (11,12). 
In addition, the low incidence of PMEC and limited data 
makes it challenging to characterize epidemiologically. 
Furthermore, the traditional AJCC TNM staging system is 
backward owing to its timeliness and lack of individuality. 

Nomogram based on cox regression is a graphical 
calculating tool that involved patients’ characteristics in 
estimating the personalized survival time and providing 
individualized risk prediction (13). Compared to other 
estimation models, nomogram has superior accuracy, 
utility, and risk classification (14). Based on specific samples, 
it can more effectively estimate patients’ survival rate 
with individualized baseline characteristics, applied in the 
prognosis estimation of malignant tumors. 

Whereas there is no study to construct a prediction 
model to forecast the individual survival time of primary 
PMEC patients. Our study addressed this gap, attempting 
to construct and validate authentic nomograms to estimate 
the survival outcome of PMEC patients. We present the 
following article in accordance with the TRIPOD reporting 
checklist (available at http://dx.doi.org/10.21037/atm-20-6555). 

Methods

Data source

(I) This retrospective study was performed based on the 

SEER database (http://www.seer.cancer.gov), provided 
by the National Cancer Institute, which summarized 
18 registries of the US from 1975–2016 and covered 
more than 30% of the US population. SEER*Stat 
8.3.6 software was used to access information from the 
database. We identified the study population from the 
SEER cancer registry followed: (I) Diagnosis of MEC 
(ICD-O-3, Hist/behave: 8430/3 and primary sites: 
C34.1, C34.2, C34.3, C34.8, C34.9); 

(II) Only primary cancer; 
(III) Age of diagnosis ≥18 years; 
(IV) Active follow-up. 

Those who had incomplete characteristics or only with a 
death certificate or autopsy were excluded.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Data extraction

W e  r e c o r d e d  e l i g i b l e  p a t i e n t s ’  d e m o g r a p h i c s , 
clinicopathological features, and follow-up information, 
covering age at diagnosis, sex, race, marital status, tumor 
stage, differentiated grade, tumor laterality, primary tumor 
site, tumor size (T, the largest diameter of the primary 
tumor), lymph node metastases status (N), tumor distant 
metastases status (M), surgery, radiation and chemotherapy. 
These continuous variables, including age and tumor 
size were translated into categorical variables using the 
X-tile 3.6.1 program (Yale University, New Haven, CT), 
according to the minimum P value of the survival time. The 
age was divided into ≤44 years old, 44–69 years old, and  
≥69 years old. 

Owing to the traditional AJCC TNM system had 
multiple versions in the SEER database and did not apply 
to all patients, we created a customized TNM system. 
Collecting tumor size, lymph metastases status, and tumor 
distant metastases status from different periods, and divided 
into N0/N+, M0/M1. Tumor size was divided into two 
groups: ≤2.7 centimeters, 2.7–4.8 centimeters, and ≥4.8 
centimeters by X-tile. Survival analysis indicated no survival 
difference was observed among N1, N2, and N3 (P=0.067). 
Hence, we redefined the positive lymph node metastasis 
(N1, N2, or N3) as one group named N+.

Statistical analysis

OS was the primary outcome and cancer-specific survival 
(CSS) as the secondary outcome in this study. CSS was 

http://www.seer.cancer.gov
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defined as the time from diagnosis to death caused by 
MEC; alive or death from other diseases was considered 
as censored cases. We identified 438 eligible cases in this 
study. In order to construct and validate the nomograms, 
we divided these eligible cases into training cohort (n=308, 
70%) and validation cohort (n=130, 30%) randomly by 
7:3. All categorical variables of baseline characteristics 
(age, sex, race, marital status, tumor stage, differentiated 
grade, tumor laterality, primary tumor site, T, N, M, 
surgery, radiation, and chemotherapy) were compared 
using the χ² test. In the training cohort, univariate and 
multivariate analyses were used to identify the independent 
prognostic variables of nomogram construction used 
to build a risk classification system-Only variables with 
significant (P<0.05) in univariate analyses can be retained 
into multivariate analyses. Considering the small sample 
size of CSS, we used OS independent factors to build a 
nomogram. 

Validation cohorts were devoted to examine the accuracy 
of the nomograms. Internal validation was evaluated 
under bootstrapping validation with 1,000 resamples. The 
calibration curve and concordance index (C-index) were 
applied to reflect the conformance between predicting 
survival and reality survival. All patients in the training 
cohort were divided into two groups according to their 
risk scores for examining the nomograms’ discriminability. 
Scores above the average are considered a high-risk group, 
while below-average account for the low-risk group. The 
survival curves of risk groups were evaluated by the log-rank 
test and shown by the Kaplan-Meier plot. IDI was used to 
compare our nomogram with other models.

All statistical analyses were conducted using SPSS 
version 26.0 (SPSS Chicago, IL) and rms, foreign, survival, 
and survival ROC packages in R version 3.6.1 software (R 
Foundation for Statistical Computing, Vienna, Austria, 
http://www.r-project.org/). All tests with two sides P value 
less than 0.05 was considered a significant difference.

Results

Characteristics

A total of 438 patients with primary PMEC were reviewed 
in this study. According to age, all patients were divided 
to ≤44 years old (n=185, 42.2%), 44–69 years old (n=177, 
40.4%) and ≥69 years old (n=76, 17.4%). The whole sample 
had the similar distribution of gender and laterality: males 
(n=234, 53.4%) and females (n=204, 46.6%), left (n=211, 

48.2%) and right (n=227, 51.8%). The majority of race was 
white (n=338, 77.2%). 

For differentiation degree, tumors with well, moderately, 
poorly, and undifferentiated accounted for 23.5%, 34.7%, 
9.6%, and 8.7% of all patients, respectively. Of all cases, 
more than half were negative lymph node metastases 
(n=251, 57.3%) and negative distant metastases (n=289, 
66.0%). Moreover, most of patients received surgery (n=339, 
77.4%) and did not accept chemotherapy (n=377, 86.1%). 
Only 20.1% of patients underwent radiation. There is no 
significant discrepancy between the training cohort and 
validation cohort. The detailed baseline characteristics were 
shown in Table 1.

Independent prognostic factors of nomogram construction

Prognostic factors in predicting OS
Univariate and multivariate Cox proportional hazards 
regression models were conducted to identify prognostic 
factors. As shown in Table 2, in univariate analyses, we 
noticed except for sex (P=0.364), race (P=0.609), marital 
status (P=0.385), and tumor laterality (P=0.715), the other 
variables were shown a significant association with OS. 
Multivariate analyses suggested that age, tumor stage, 
differentiated grade, T, N, M, surgery, and radiation as the 
independent prognostic factors for OS.

Prognostic factors in predicting CSS
Of 175 cases. 136 patients died of MEC, while the other 
39 patients were ascribed to non-MEC causes. As shown in 
Table S1, tumor stage, T, M, surgery, and radiation were 
analyzed as the prognostic factors predicting CSS of MEC 
patients. 

Construction of nomograms

We constructed two nomograms based on independent 
prognostic factors identified by Cox proportional hazards 
analyses, including age, tumor stage, differentiated grade, 
T, N, M, surgery, and radiation. The eight variables 
were enrolled in nomograms building for 3-, 5- and  
10-year OS and CSS of MEC patients in this study. Each 
variable had a corresponding score on the point scale, 
locating and summing up each score according to the 
baseline characteristic; the total scores were obtained. The 
total scores represent the probabilities of 3-, 5- and 10-year  
OS and CSS. Particulars score of each variable in the 
nomograms were shown in Figures 1,2.

https://cdn.amegroups.cn/static/public/ATM-20-6555-supplementary.pdf
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Table 1 Demographic/clinical characteristics of PMEC patients

Demographic/clinical characteristic N (%) Training cohort (N) Validation cohort (N) P value

All 438 (100.0) 308 130

Age 0.092

≤44 years 185 (42.2) 126 59

44–69 years 177 (40.4) 134 43

≥69 years 76 (17.4) 48 28

Sex 0.351

Male 234 (53.4) 169 65

Female 204 (46.6) 139 65

Race 0.068

White 338 (77.2) 245 93

Other 100 (22.8) 63 37

Marital status 0.803

Single 192 (43.8) 132 60

Married 233 (53.2) 167 66

Unknown 13 (3.0) 9 4

Stage 0.773

Localized 194 (44.3) 134 60

Regional 87 (19.9) 63 24

Distant 50 (11.4) 33 17

Unknown 107 (24.4) 78 29

Grade 0.947

Well 103 (23.5) 70 33

Moderately 152 (34.7) 109 43

Poorly 42 (9.6) 31 11

Undifferentiated 38 (8.7) 26 12

Unknown 103 (23.5) 72 31

Laterality 0.938

Left 211 (48.2) 148 63

Right 227 (51.8) 160 67

Primary site 0.221

Main bronchus 61 (13.9) 38 23

Upper lobe, lung 147 (33.6) 105 42

Middle lobe, lung 41 (9.4) 30 11

Lower lobe, lung 139 (31.7) 101 38

Overlapping lesion of lung 18 (4.1) 9 9

Unknown 32 (7.3) 25 7

Table 1 (continued)
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Table 1 (continued)

Demographic/clinical characteristic N (%) Training cohort (N) Validation cohort (N) P value

T 0.853

≤2.7 cm 170 (38.8) 121 49

2.7–4.8 cm 86 (19.6) 62 24

≥4.8 cm 50 (11.4) 36 14

Unknown 132 (30.1) 89 43

N 0.496

N0 251 (57.3) 174 77

N+ 64 (14.6) 49 15

Unknown 123 (28.1) 85 38

M 0.907

M0 289 (66.0) 202 87

M1 42 (9.6) 29 13

Unknown 107 (24.4) 77 30

Surgery 0.924

No 99 (22.6) 70 29

Yes 339 (77.4) 238 101

Radiation 0.623

No 350 (79.9) 248 102

Yes 88 (20.1) 60 28

Chemotherapy 0.382

No 377 (86.1) 268 109

Yes 61 (13.9) 40 21

PMEC, pulmonary mucoepidermoid carcinoma.

Table 2 Univariate and multivariate analyses of overall survival

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age <0.001 <0.001

≤44 years Ref Ref

44–69 years 7.72 (4.74, 12.59) <0.001 4.97 (2.99, 8.26) <0.001

≥69 years 13.74 (8.15, 23.16) <0.001 8.41 (4.82, 14.65) <0.001

Sex 0.364 NI

Male Ref

Female 0.87 (0.65, 1.17) 0.364

Table 2 (continued)
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Table 2 (continued)

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Race 0.609 NI

White Ref

Other 1.10 (0.77, 1.57) 0.609

Marital status 0.385 NI

Single Ref

Married 1.14 (0.84, 1.55) 0.385

Stage <0.001 <0.001

Localized 0.14 (0.09, 0.24) <0.001 0.25 (0.14, 0.46) <0.001

Regional Ref Ref

Distant 4.12 (2.67, 6.36) <0.001 1.47 (0.76, 2.86) 0.255

Grade <0.001 <0.001

Well 0.06 (0.03, 0.12) <0.001 0.22 (0.11, 0.46) <0.001

Moderately 0.09 (0.05, 0.15) <0.001 0.32 (0.17, 0.60) <0.001

Poorly Ref Ref

Undifferentiated 0.58 (0.34, 0.98) 0.041 0.93 (0.51, 1.72) 0.824

Laterality 0.715 NI

Left Ref

Right 1.06 (0.79, 1.42) 0.715

Primary Site 0.002 0.065

Main Bronchus Ref Ref

Upper lobe, lung 1.65 (0.99, 2.78) 0.057 1.27 (0.71, 2.26) 0.419

Middle lobe, lung 0.74 (0.35, 1.57) 0.437 0.96 (0.43, 2.13) 0.922

Lower lobe, lung 0.85 (0.49, 1.48) 0.555 0.78 (0.43, 1.43) 0.432

Overlapping lesion of lung 1.89 (0.87, 4.10) 0.106 2.00 (0.89, 4.53) 0.095

T <0.001 0.003

≤2.7 cm Ref Ref

2.7–4.8 cm 2.35 (1.34, 4.11) 0.003 2.06 (1.13, 3.77) 0.018

≥4.8 cm 8.19 (4.72, 14.22) <0.001 3.36 (1.65, 6.87) 0.001

N <0.001 <0.001

N0 Ref Ref

N+ 0.08 (0.05, 0.13) <0.001 3.54 (1.94, 6.44) <0.001

M <0.001 <0.001

M0 Ref Ref

M1 0.08 (0.05, 0.12) <0.001 9.87 (4.06, 24.00) <0.001

Table 2 (continued)
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Table 2 (continued)

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Surgery <0.001 <0.001

No Ref Ref

Yes 0.10 (0.07, 0.14) <0.001 0.34 (0.22, 0.52) <0.001

Radiation <0.001 0.001

No Ref Ref

Yes 6.53 (4.74, 8.99) <0.001 2.00 (1.36, 2.93) 0.001

Chemotherapy <0.001 0.471

No Ref Ref

Yes 4.25 (3.01, 5.60) <0.001 1.16 (0.78, 1.72) 0.471

Figure 1 Prediction nomogram involved independent variables for 3-, 5-, 10-year overall survival in PMEC patients. OS, overall survival; 
PMEC, pulmonary mucoepidermoid carcinoma.
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Figure 2 Prediction nomogram involved independent variables for 3-, 5-, 10-year cancer-specific survival in PMEC patients. PMEC, 
pulmonary mucoepidermoid carcinoma; CSS, cancer-specific survival.

Calibration and validation of nomogram

OS and CSS nomograms had the acceptance C-index in 
training cohort, 0.887 (95% CI: 0.863–0.911) and 0.764 
(95% CI: 0.713–0.815), respectively. In internal validation, 
the nomograms of OS (Figure 3) and CSS (Figure S1) had 
considerable C-index values, 0.912 (95% CI: 0.883–0.941) 
and 0.794 (95% CI: 0.727–0.861), respectively. The 
calibration curves of 3-, 5- and 10-year OS (Figures 4,5) 
and CSS (Figures S2,S3) indicated considerable coherence 
between estimation and actual in the training and validation 
cohort.

Compared to the TNM system, our nomograms have 
better accuracy in estimating survival time in the training 
cohort. The IDI (Table 3) of our nomogram comparing with 
the TNM system is 0.167 for 3-year OS (P<0.001). For 5-, 
10-year OS and 3-,5-, 10-year CSS, the IDI indicated that 
our models are superior to the TNM system significantly.

Risk stratification of OS and CSS

According to each case’s total scores, we further explored 
risk stratification for OS and CSS based on this study’s 
training cohort. All MEC training cohort patients were 
divided into a high-risk group or low-risk group. As  
Figure 6 shown, both OS and CSS, the Kaplan-Meier 
curves, indicated that the low-risk group had a significantly 
better survival (P<0.001 and P<0.001, respectively). 

Clinical use

Scores of each variable were obtained by drawing a vertical 
line to the top points row; then, the sum of the points 
of each variable is located on the total points row, and a 
vertical line is drawn from the total point row to 3-, 5-, 
10-year OS or CSS row to acquire the survival probability 
of patients (Figure 1). For example, one patient was a 

https://cdn.amegroups.cn/static/public/ATM-20-6555-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-6555-supplementary.pdf
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47-year-old, undifferentiated PMEC with 1.8 cm and 
N+M0 regional stage, and received surgical and radiation 
therapy; the total score is 200 points with corresponding 
3-, 5-, 10-year OS of 0.50–0.60, 0.40–0.50, and 0.40–0.50, 
respectively.

Discussion

Primary mucoepidermoid carcinoma of pulmonary salivary 
gland cancer is a scarce histologic type, which accounts 
for 0.1-0.2% in all malignant lung cancers generally (15). 
Owing to the small sample size, precedent reports in the 
literature were case presentations and case series, while the 
study based on a large population is lack, and knowledge 
of PMEC patients’ survival is limited. Moreover, its 
pathological staging still depends on the traditional TNM 
system based on general lung cancer. We hypothesized 
that one of the reasons for poor prognosis was the lack of a 
specific model specifically for PMEC patients. To provide 
new ideas for the treatment of PMEC, we established the 
nomograms and the risk classifications to predict individual 
PMEC patients’ survival probabilities.

Our nomograms were validated with the internal 
cohort, C-index, ROC curve, and calibration plots, 
suggesting that our models were steady and accurate as 
the predictive device to estimate survival rate and select 
treatment options. We also established risk stratification 
as the supplement of nomograms. The TNM system is a 
generalized and straightforward tool to forecast survival 
and guide treatment. An individual predicting model should 
be developed to narrow further the difference between the 
predicted survival and the actual survival. 

Based on univariate and multivariate analyses, we 

Table 3 The IDI of nomograms compare to TNM system

IDI P value

Overall survival

3-year 0.167 <0.001

5-year 0.171 <0.001

10-year 0.172 <0.001

Cancer-specific survival

3-year 0.119 <0.001

5-year 0.107 <0.001

10-year 0.103 <0.001

IDI, integrated discrimination index.
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recognized these independent prognosis factors, including 
age, tumor stage, differentiated grade, T stage, N stage, M 
stage, surgery, and radiation. Most of the above factors are 
consistent with the previous study (16,17). Previous studies 
reported that young people are more likely to have PMEC, 
while for the past few years, the morbidity of PMEC  
aging (16). Like the precedent conclusion (18,19), sex 
was no significant relation to PMEC patients’ prognosis. 
Our study exclusively examined PMEC samples, which is 
probably more representative than the precedent outcomes.

Higher degree differentiation of the PMEC enhanced 
the survival rate of patients. 255 (58.2%) patients are a 
higher differentiation degree (well and moderately) and 80 
(18.3%) samples are a lower differentiation degree (poorly 
and undifferentiated). In both groups, there was less patients 
response to radiation or chemotherapy (P=0.001 and 0.471, 
respectively). In this study, most PMEC was moderate 
grade; this finding is consistent with the discovery by Chen 
et al. (20), in which 47.7% of mucoepidermoid carcinoma 
were moderate grade.

Complete surgical resection is essential for PMEC 
patients, and it will guide postoperative chemoradiotherapy 
accord ing  to  pa tholog ica l  b iopsy  (21) .  Bes ides , 
bronchoplasty procedures are efficient methods for 
preserving pulmonary parenchyma. Several published 
studies regarded that surgical resection can prolong 
survival time (18,19,22). Endobronchial intervention can 
maintain airway patency, commonly applied to obstructive 
pneumonia patients (23,24). However, endobronchial 
intervention therapy does not remove the tumor entirely; 

surgical resection is still preferred (25). 
Nevertheless, high-grade tumors are challenging to 

resection entirely owing to aggressiveness; these patients 
require postoperative chemoradiotherapy (26). For these 
patients, adjuvant therapy should be performed when 
surgical resection is not radical, including chemotherapy 
and radiation (27). The precedent report considered that 
adjuvant chemotherapy is useful for high-grade PMEC but 
not presented to low-grade; the combination of cisplatin 
and vinorelbine or docetaxel is generally used. However, 
the benefit of adjuvant radiotherapy is still controversial (28). 
In this study, we noticed that patients with adjuvant therapy 
had poor prognosis than those without chemotherapy and 
(or) radiation. The reasonable explanation is that traditional 
adjuvant therapy is not conducive to reconstructing immune 
function, and the painful physical and mental also reduces 
the survival time. Besides, some patients can not tolerate 
surgery or other reasons; they received chemotherapy 
and (or) radiation instead of surgical in our study samples. 
Although our nomograms are precisely models, there are 
also many shortcomings to noticed. 

(I) the data come from the SEER database, and this 
database can not provide complete variables, 
for instance, smoking status, surgery procedure, 
chemotherapy regimens. 

(II) The AJCC 8th edition system can not apply to 
previous patients; we transformed the 432 PMEC 
patients’ TNM status prudently, and some errors 
are inevitable. 

(III) We failed to obtain sufficient cases as an external 

Figure 6 Kaplan-Meier curves for (A) overall survival and (B) cancer-specific survival in training cohort.
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validation cohort to further demonstrate our 
nomograms’ consistency. 

(IV) The data used in our study were retrospective; 
there is information bias. Further studies need to 
be performed to improve these deficiencies. 

(V) The small sample size may still affect the stability 
of this data analysis, though we as far as possible to 
improve the analysis process.

Conclusions

In conclusion, we built OS (CSS) nomograms that can 
accurately estimate individualized survival time and identify 
the risk classification of PMEC. Calibration plots and ROC 
curves demonstrated the clinical utility of our nomograms.
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