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 Background: The aim of this study was to establish a predictive model for prognostic factors and overall survival (OS) in na-
sopharyngeal lymphoepithelial carcinoma (NLEC) patients.

 Material/Methods: The data of 538 NLEC patients diagnosed between 1988 and 2015 were extracted from the Surveillance, 
Epidemiology, and End Results database. Patients who were diagnosed from 1988 to 1999 were included in 
the validation cohort, and those diagnosed from 2000 to 2015 in the primary cohort. Least absolute shrinkage 
and selection operator and multivariate Cox regression analyses were performed. The discrimination and cal-
ibration capabilities of the predictive models were evaluated using the receiver operating characteristic (ROC) 
curve and calibration plot, respectively.

 Results: Radiotherapy (P<0.0001), early-stage cancer based on the American Joint Committee on Cancer (AJCC) stag-
ing system (P<0.0001), younger age (P=0.0005) were associated with better OS rates. In the primary cohort, 
the areas under the ROC curves (AUC) of the nomogram for predicting 1-, 10-, and 15-year OS were 0.749, 
0.754, and 0.81, respectively. Meanwhile, in the validation cohort, the AUC of the nomogram for predicting 1-, 
10-, and 15-year OS were 0.692, 0.692, and 0.682, respectively. Furthermore, the calibration plot exhibited op-
timal agreements between the nomogram-predicted and actual 1-, 10-, and 15-year OS in both cohorts. The 1-, 
10-, and 15-year OS rates were 93.6%, 62.7%, and 49.9%, respectively.

 Conclusions: Age, early-stage cancer based on the AJCC staging system, radiotherapy, and gender can be used to predict OS 
in nasopharyngeal lymphoepithelial carcinoma patients.
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Background

Nasopharyngeal lymphoepithelial carcinoma is a rare 
type of neoplasm, and it was first described in 1921 [1,2]. 
Lymphoepithelial carcinoma was believed to be a peculiar tu-
mor with a close connection between blastomatous prolifer-
ative epithelium and lymphocytes. In 2005, the World Health 
Organization classified nasopharyngeal carcinomas into 2 gen-
eral types, namely, keratinizing and non-keratinizing squamous 
cell carcinoma. The latter was further classified into differen-
tiated and undifferentiated subtypes. Lymphoepithelial carci-
noma is a non-keratinizing undifferentiated type [3], which is 
characterized by aggregates of undifferentiated carcinoma with 
rich non-neoplastic lymphocytic components [4]. These cells 
have indistinct cell borders. Moreover, syncytial growth is usu-
ally evident, and moderate to marked nuclear pleomorphism 
as well as increased mitotic activity and necrosis are often ob-
served [3]. Based on our knowledge, data on the prognosis of 
nasopharyngeal lymphoepithelial carcinoma are limited. Hence, 
the current study aimed to identify the risk factors associat-
ed with OS in patients with nasopharyngeal lymphoepitheli-
al carcinoma clinical using information from the Surveillance, 
Epidemiology, and End Results (SEER) database. In particular, 
a predictive model for the individual risk factors of overall sur-
vival (OS) was established.

Material and Methods

Study design

The data used in this study were obtained using the SEER*Stat 
software (version 8.3.6). The SEER database covers about 30% 
of the population in the United States [5]. Data from 1975 to 
2015 were obtained using the International Classification of 
Diseases for Oncology, 3rd Edition, histology/behavior code for 
lymphoepithelial carcinoma (8082/3). Then, the following data 
were obtained: patient’s age, gender, race, pathological grade, 
year of diagnosis, primary site of the tumor and stage based 
on the American Joint Committee on Cancer (AJCC) staging 
system, historic stage A, summary stage, collaborative stage 
(CS) extension, CS lymph node, extent of disease (EOD) 10-ex-
tent, EOD 10-nodes, surgical treatment, radiation, radiation se-
quence with surgery, chemotherapy, survival months, and vital 
status. Tumor staging was reevaluated based on the criteria 
from the 7th edition of the AJCC Staging Manual. In addition, 
only cases in which the nasopharynx is the primary tumor site 
were included (C11.0, C11.1, C11.2, C11.3, C11.8, and C11.9). 
The exclusion criteria were as follows: 1) unclear TNM staging; 
2) uncertain radiation sequence with surgery; and 3) without 
information on surgery, autopsy, and death certificate. Finally, 
538 patients diagnosed between 1988 and 2015 were includ-
ed in the study. Among them, those diagnosed from 1988 to 

1999 were included in the validation cohort, and those diag-
nosed from 2000 to 2015 in the primary cohort.

Statistical analysis

All analyses were conducted using R software version 3.6.2. 
(http://www.r-project.org/). The least absolute shrinkage and 
selection operator (LASSO) regression method was utilized to 
identify the optimal predictive variables of the risk factors. 
Then, a multivariate Cox regression analysis was performed 
to identify the independent predictors of survival by incorpo-
rating the variables selected in the LASSO regression model; 
then, a predictive model was developed. The variables were 
presented as hazard ratio (HR) with 95% confidence interval 
(CI). Sociodemographic variables (P<0.05) were included in the 
model. Based on the results of the multivariate Cox regression 
analysis, a nomogram was established. The discrimination ca-
pability of the nomogram was assessed using the receiver op-
erating characteristic (ROC) curve, which is equivalent to the 
concordance statistic [6]. The accuracy of the predictive mod-
el was presented as the area under the ROC curve [7], and a 
higher value indicates better outcomes. A calibration curve was 
used to evaluate the model. Finally, the ROC and calibration plot 
were developed based on the results of the regression anal-
ysis. A P value <0.05 was considered statistically significant.

Ethics

This population study did not include identifiable information 
throughout the analyses. Moreover, it did not require informed 
consent from the institutional research committee of the first 
affiliated hospital of Xian Jiaotong University.

Results

Characteristics of the participants

After screening patients using the inclusion and exclusion cri-
teria, 538 were finally included in our study. The participants 
were divided into 2 groups according to the year of diagnosis. 
Among them, 392 patients were included in the primary cohort, 
and 146 patients in the validation cohort. The data of the pri-
mary cohort were utilized to establish the nomogram, and the 
clinical information of the validation cohort was used to vali-
date the capability of the nomogram. The primary cohort com-
prised 281 males (72%) and 111 females (28%). Meanwhile, 
the validation cohort was composed of 35 males (24%) and 
111 females (76%). According to the patient’s age at diagno-
sis, the participants were divided into 4 groups: children (<18 
years old), adolescents and young adults (18–34 years old), 
adults (35–64 years old), and elderly (³65 years old). The tumor 
pathological grade was categorized into 4 groups: 1) grade II: 
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Characters
Primary cohort (n=392) Validation cohort (n=146)

No. of patients % No. of patients %

Gender

 Male 281 72 35 24

 Female 111 28 111 76

Age (years)

 Children (<18) 25 6 10 7

 AYAs (18–34) 54 14 21 14

 Adults (35–64) 251 64 95 65

 Elderly (³65) 62 16 20 14

Race

 White 159 40 47 32

 Black 57 15 11 8

 Other/unknow 176 45 88 60

7th AJCC stage

 I 66 17 39 27

 II 110 28 41 28

 III 114 29 55 37

 IVA 32 8 7 5

 IVB 47 12 4 3

 IVC 23 6 0 0

Grade

 II 2 1 0 0

 III 57 14 36 25

 IV 252 64 70 48

 Unknow 81 21 40 27

Radiation sequence with surgery

 No radiation or surgery 260 66 119 82

  Radiation after surgery 129 33 25 17

 Radiation prior to surgery 3 1 2 1

Surgery

 Yes 72 18 30 21

 No 320 82 116 79

Radiation

 Yes 362 92 139 95

 No 30 8 7 5

Chemotherapy

 Yes 337 86 71 49

 No 55 14 75 51

Table 1. Clinical characteristics of patients with nasopharyngeal lymphoepithelial carcinoma.

AYAs – adolescents and young adults; AJCC – American Joint Committee on Cancer.
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moderately differentiated, 2) grade III: poorly differentiated, 
3) grade IV: undifferentiated, and 4) unknown. In addition, lym-
phoepithelial carcinoma is a non-keratinizing undifferentiat-
ed type, most patients had an undifferentiated grade, and the 
proportion of patients with grade I disease was low, and they 
did not meet the inclusion criteria. The clinical characteristics 
of the participants are summarized in Table 1.

Prognostic factors in the primary cohort

Based on the LASSO regression analysis, the non-zero coeffi-
cient variables were age, gender, grade, disease stage based 
on the AJCC staging system, and radiotherapy (Figure 1A, 1B). 
These variables were analyzed using the multivariate Cox pro-
portional hazards regression model. Results showed that age, 
disease stage based on AJCC staging system, and radiothera-
py were independent prognostic factors of OS in patients with 
nasopharyngeal lymphoepithelial carcinoma (Table 2). Based 
on clinical experience, gender was also included in establish-
ing the predictive model.

OS and risk factors in the primary cohort

The median follow-up time was 75 months (range, 1–203 
months), and the median survival time was 181 months. 
OS was defined as time from diagnosis to death from any 

causes. The 1-, 10-, and 15-year OS rates were 93.6%, 62.7%, 
and 49.9%, respectively (Figure 2). The OS differed among 
the groups with various characteristics, and those who re-
ceived radiotherapy had a better OS than those who did not 
(P<0.0001, Figure 3A). The OS of younger patients was signif-
icantly better than that of older patients (P=0.005, Figure 3B). 
Moreover, patients with early-stage cancer based on the AJCC 
staging system had a better prognosis than those with ad-
vanced-stage cancer, and patients with stage IV disease had a 
better OS than those with diseases of other stages (P<0.0001, 
Figure 3C). However, the survival rate did not significantly dif-
fer between women and men (P=0.150, Figure 3D).

Prognostic nomogram for OS

All significant independent factors for OS in the primary co-
hort were integrated in the prognostic nomogram (Figure 4). 
The ROC for predicting the 1-, 10-, and 15-year OS were 0.749, 
0.754, and 0.810, respectively (Figure 5A–5C). The calibration 
plot exhibited a perfect agreement between the nomogram-
predicted and actual OS at 1, 10, and 15 years (Figure 6A–6C).
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Figure 1.  The clinical variables were screened using the least absolute shrinkage and selection operator (LASSO) Cox regression model. 
(A) The selection of the optimal parameters in the LASSO model used a cross-validation method based on the minimum 
criterion. The partial likelihood deviation curves were plotted in accordance with log (lambda). A dashed vertical line was 
drawn at the optimal value using the minimum criterion and 1-SE criterion of the minimum criterion. (B) LASSO coefficient 
profiles of the nine features. Generating a coefficient profile based on the log (lambda) sequence. Cross validation was 
performed to obtain vertical lines over the selected values, where the optimal lambda yields the characteristic of five non-
zero coefficients.
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Predictive accuracy of the nomogram for OS in the 
validation cohort

In the validation cohort, the median follow-up time was 183.5 
months (range, 6–341 months), the median OS was 232 
months, and the 1-, 10-, and 15-year OS rates were 95.9%, 
58.7%, and 53%, respectively. The ROC for predicting the 1-, 
10-, and 15-year OS were 0.692, 0.692, and 0.682, respective-
ly (Figure 5D–5F). Furthermore, the calibration plot exhibited a 
perfect agreement between the nomogram-predicted and ac-
tual OS at 1, 10, and 15 years (Figure 6D–6F).

Discussion

Summary of key findings

Nasopharyngeal lymphoepithelial carcinoma (NLEC) is similar 
to non-keratinizing undifferentiated carcinoma. The tumor cells 
are arranged in nests or in isolated patterns. Moreover, intense 
lymphoplasmacytic cell infiltration in which the cellular borders 

Variate HR 95% CI P value

Gender

 Female Reference

 Male 1.24 0.83–1.83 0.29

Age

 Children Reference

 AYAs 2.84 0.95–8.50 0.06

 Adults 2.95 1.07–8.16 0.04

 Elderly 7.11 2.45–20.62 0.00

7th AJCC stage

 I Reference

 II 1.70 0.94–3.07 0.08

 III 2.25 1.26–4.02 0.01

 IVA 2.52 1.06–5.97 0.04

 IVB 4.82 2.46–9.44 0.00

 IVC 7.02 3.25–15.18 0.00

Metastasis

 M0 Reference

 M1 2.08 1.20–3.60 0.01

Radiation

 No Reference

 Yes 0.33 0.21–0.53 0.00

Table 2. Multivariate Cox regression analyses for factors predicting overall survival.

The result is retained to 2 decimal places. HR – hazard ratio; CI – confidence interval; AYAs – adolescents and young adults; 
AJCC – American Joint Committee on Cancer.
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Figure 2.  Overall survival curves in the primary cohort based on 
the Kaplan-Meier analysis.
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are indistinct is observed, and the tumor cells often have a syn-
cytial pattern. The tumor cell nuclei are round, oval, or elon-
gated, with mild irregular nuclear borders, delicate chroma-
tin, and 1 or 2 distinct eosinophilic nucleoli [8]. The incidence 
and prevalence of NLEC are low. To the best of our knowledge, 
the study first explored the clinicopathological characteristics 
and independent prognostic factors of NLEC based on infor-
mation in the SEER database. According to the LASSO regres-
sion model, a multivariate Cox regression analysis was per-
formed to identify prognostic factors, including age, tumor 
stage, and radiotherapy. Although the analysis showed that 

gender was not a significant factor (HR: 1.24, 95%CI: 0.83–1.83, 
P=0.29), it was still included in establishing this model based 
on experience. The discrimination and calibration capabilities 
of the nomogram were evaluated using the ROC and calibra-
tion curve, respectively.

Comparisons with other studies

Similar to previous studies [9], tumor stage was considered an 
important predictor of survival (P<0.0001), and advanced tu-
mor stage was correlated with decreased survival, particularly 
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Figure 3.  Kaplan-Meier survival analysis of the risk factors in the primary cohort. Time values were measured in months. (A) Survival 
according to radiotherapy. (B) Survival according to age. (C) Survival according to the AJCC stage. (D) Survival according to 
gender.
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Figure 4.  Prognostic nomogram for nasopharyngeal lymphoepithelial carcinoma. The points for each variable were summed up to 
obtain the total points, and the final scores were used to estimate the 1-, 10-, and 15-year overall survival.

in patients with stage IVC who have a significantly lower sur-
vival time due to distal metastasis. Nasopharyngeal carcino-
ma is highly sensitive to ionizing radiation, and radiation is the 
main treatment for nonmetastatic diseases [10]. Radiotherapy 
has significantly improved the survival time of patients with 
NLEC (P<0.0001). Our study showed that age was an indepen-
dent prognostic factor, and children had a better prognosis 
than adults because they were significantly more likely to un-
dergo radiotherapy and chemotherapy. In addition, more ag-
gressive treatment regimens might have contributed to the 
overall improvement in survival [11]. Elderly patients have the 
poorest prognosis, which might be attributed to the following: 
1) these patients may develop diseases associated with age; 
hence, the mortality risk is higher. 2) The systemic condition 
and immunity of these patients are relatively poor, and tol-
erance to radio chemotherapy is poor. Patel et al. [12] found 
that African American and Asian patients had better surviv-
al rates than Caucasian patients. However, our study showed 
that race was not associated with survival. Most participants 

in this study were white or black, and only a small proportion 
of our study patients were Asian patients and those of oth-
er descents. Thus, racial differences could have attributed to 
the differences in different study results. Unlike the study of 
Nakanishi et al. [13], our results showed that chemotherapy 
had no impact on prognosis. Whether chemotherapy is effec-
tive for lymphoepithelial carcinoma remains controversial [9,14]. 
Therefore, large randomized clinical trials must be performed 
to validate our study finding.

Methods of data analysis

Unlike other clinical articles that conducted a single-factor 
analysis for the preliminary screening of data, this study per-
formed the LASSO and Cox proportional hazards regression 
analyses to evaluate and set up the predictive model. LASSO 
regression is a statistical method that can perform both vari-
able selection and regularization [15]. It uses the absolute val-
ue function of the model coefficients as a penalty strategy to 
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compress the model coefficients. Hence, some regression co-
efficients were found to have extremely weak effects on value, 
even directly zero. Mathematical procedures that tune and se-
lect the preferred level of model complexity were applied to 
enhance the predictive accuracy, interpretability, and gener-
alizability of the statistical model [16]. Moreover, it was uti-
lized to establish the predictive model using a data set with 
common intercorrelated independent variables in biological 
and medical research [17]. Thus, the LASSO regression has 
important statistical features that can assess the association 
between several risk factors and clinical characteristics. From 
a statistical standpoint, it could be a very promising method 
for the assessment of the association between the character-
istics of patients with NLEC and OS in a more predictive man-
ner, unlike in previous studies that used factor analysis and 
structural equation modeling.

Limitations

The current study had several limitations. The AUCs were not 
large, which might be attributed to the following causes. First, 
the information in the database was recorded according to 
the 7th or earlier edition of the AJCC Staging Manual; the stag-
ing guidance of the 8th edition cannot be used in numerous 

places [10,18]. Therefore, the 7th edition of the manual was 
used. The prognostic value is lower in the 7th edition of the 
AJCC Staging Manual than in the 8th edition [19]. Second, some 
data on potential risk factors were not available in the data-
base. Nasopharyngeal carcinoma is believed to be associated 
with Epstein-Barr virus (EBV) infection [3], and this infection 
is a risk factor in patients with lymphoepithelioma-like car-
cinoma (LELC) [20–23]. Patients with human papilloma virus 
(HPV) infection, particularly HPV-16 infection, have a worse 
OS than those without [24,25]. A high Ki-67 expression leads 
to radiation resistance, which is considered a poor prognos-
tic indicator in patients with locally advanced disease [26]. 
Information about smoking and drinking was not available in 
the database, and both smoking and drinking are important 
prognostic factors. That is, smokers have lower OS and locore-
gional recurrent-free survival than non-smokers [27], and a 
higher cumulative smoking indicates a lower survival rate [28]. 
Drinkers often have a poorer prognosis than non-drinkers [29]. 
Moreover, pretreatment lactate dehydrogenase (LDH) level is 
a biomarker for predicting survival rates [30]. Third, this type 
of tumor is rare. Hence, only a small sample size was includ-
ed this trial, and this is considered another limitation of the 
current study. Hence, future studies with a larger sample size 
must be conducted.
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Conclusions

This study developed a novel nomogram that can predict OS 
in patients with NLEC and can be used as a reference by cli-
nicians. Younger age, early-stage cancer based on the AJCC 
staging system, and radiotherapy were associated with a bet-
ter prognosis. However, further research must be conducted 
to validate whether this nomogram can be applied to other 
patient groups.

1.0

0.8

0.6

0.4

0.2

0.0

Ac
tu

al 
1-

ye
ar

 su
rv

iva
l

0.0 0.2 0.4
Nomogram-predicted probability 1-year survival

0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0

Ac
tu

al 
10

-y
ea

r s
ur

viv
al

0.0 0.2 0.4
Nomogram-predicted probability 10-year survival

0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0

Ac
tu

al 
15

-y
ea

r s
ur

viv
al

0.0 0.2 0.4
Nomogram-predicted probability 15-year survival

0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0
Ac

tu
al 

1-
ye

ar
 su

rv
iva

l

0.0 0.2 0.4
Nomogram-predicted probability 1-year survival

0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0

Ac
tu

al 
10

-y
ea

r s
ur

viv
al

0.0 0.2 0.4
Nomogram-predicted probability 10-year survival

0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0

Ac
tu

al 
15

-y
ea

r s
ur

viv
al

0.0 0.2 0.4
Nomogram-predicted probability 15-year survival

0.6 0.8 1.0

A

C

E

B

D

F

Figure 6.  The calibration plot for predicting patient survival in the primary cohort at (A) 1 year, (B) 10 years, and (C) 15 years. 
The calibration plot for predicting patient survival in the validation cohort at (D) 1 year, (E) 10 years, and (F) 15 years. 
The nomogram-predicted probability of OS was plotted on the x-axis, and the actual overall survival on the y-axis.
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