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Abstract
Background: Primary pulmonary lymphoepithelioma-like carcinoma (PLELC) is
a rare and unique subtype of lung cancer. However, the prevalence of driver
alterations, such as epidermal growth factor receptor (EGFR) mutations and ana-
plastic lymphoma kinase (ALK) rearrangements, and the response of tyrosine
kinase inhibitor (TKIs) in PLELC has not been thoroughly investigated.
Method: We retrospectively reviewed the genetic profiles and treatment course
of 330 PLELC patients at the Guangdong Lung Cancer Institute (GLCI) from
1st January, 2008 to 30th December, 2018. We searched and analyzed related lit-
erature published in PubMed and Web of Science from 1st January, 2000 and
31th August, 2019 based on their mention of “driver mutations” and “the
response of TKIs to mutant PLELC”.
Results: Genetic alterations of EGFR/ALK were tested in 203 patients (203/330,
61.5%). Five patients (5/175, 2.9%) had EGFR mutation and three patients (3/140,
2.1%) had ALK alteration. From the total of 15 articles identified from electronic
searches, 1071 PLELC cases mentioned the driver mutations. EGFR mutation and
ALK rearrangement were detected in 15 patients and one patient, respectively. In
total, there were four EGFR/ALK mutant PLELC patients who received targeted
therapy as palliative treatment at the GLCI and in the literature. However, there
was disease progression in all cases one month after use of TKIs.
Conclusion: The mutation rates of EGFR and ALK were low in PLELC. EGFR
and ALK TKIs showed limited response in EGFR/ALK mutant PLELC. Further
studies are needed to explore other molecular targets to optimize the therapeutic
strategy for PLELC.

Key points

• The mutation rates of EGFR and ALK in PLELC were lower than other com-
mon types of non-small cell lung cancer.

• EGFR/ALK TKIs showed a limited response in EGFR/ALK mutant PLELC.
• This large cohort study demonstrates the prevalence of EGFR mutation and

ALK alteration, and summarizes the response of targeted therapy in mutant
PLELC patients.
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Introduction

Lymphoepithelioma-like carcinoma (LELC) is an undif-
ferentiated carcinoma of malignant epithelial cells which is
more prevalent in the nasopharynx, though few cases
arise from foregut-derived organs such as the salivary
glands, stomach, lung and thymus etc.1–3 Primary pulmo-
nary lymphoepithelioma-like carcinoma (PLELC) is a
unique and rare subtype of non-small cell lung cancer
(NSCLC).4 It was removed from large cell lung cancer
and reclassified as “other and unclassified carcinoma” in
the 2015 World Health Organization classification for lung
carcinoma.5 It was first described in 1987 and reported to be
related to Epstein-Barr virus (EBV) infection.1,6,7 Since then,
around 1200 cases have been reported in the literature,
mostly from Asian countries.8–10 Due to the rarity of this
tumor, the standard treatment strategy for advanced PLELC
patients remains controversial and a multidisciplinary man-
agement has been recommended.1,8,11,12

Epidermal growth factor receptor (EGFR) and anaplastic
lymphoma kinase (ALK) are reported to play an important
role in the pathogenesis of lung cancer.13–16 EGFR tyrosine
kinase inhibitor (TKI) and ALK TKI have some clinical signif-
icance in the management of lung cancer.17,18 The mutation
rates of EGFR and ALK in NSCLC were reported to be 30%–
40% and 6%–8%, respectively.19 NSCLC patients with EGFR
mutation or ALK rearrangement are sensitive to EGFR TKI
(such as Gefitinib, Erlotinib, Afatinib and Osimertinib) or
ALK TKI (such as Crizotinib, Alectinib and Lorlatinib).20–26

With the development of precision medicine, targeted thera-
pies play an increasingly important role in the treatment of
advanced NSCLC.13,17 TKIs such as EGFR TKI and ALK TKI
have been approved for the first-line treatment of advanced
mutant nonsquamous NSCLC.27 Genetic tests for EGFR
mutations and ALK rearrangements are routine for lung ade-
nocarcinoma in clinical practice.27 However, only a few small
scale retrospective studies have investigated the mutation rates
of EGFR and ALK in PLELC. Wang et al.28 observed that no
patient had ALK arrangement and only one patient harbored
EGFR 21 L858R mutation among the 42 PLELC patients. Liu
and colleagues29 reported that none of the 32 PLELC patients
had mutations in EGFR exon 19 and exon 21. Chang et al.30

found that 17.4% (8/46) of PLELC patients harbored EGFR
mutations, but the majority of them (7/8) were not classical
EGFR mutation. The response of TKI in PLELC patient was
seldom reported. These observations suggest that the EGFR
and ALK alterations and targeted therapy in PLELC have not
been thoroughly explored. A comprehensive review of the
prevalence of driver mutations is essential for the manage-
ment of PLELC.31 Consequently, we performed this study in
order to investigate the prevalence of EGFR mutation and
ALK alteration, and summarize the response of targeted ther-
apy inmutant PLELC patients.

Methods

Patients

We retrospectively reviewed the profiles of patients who
were diagnosed with PLELC at the Guangdong Lung Cancer
institute (GLCI) from 1st January, 2008 to 30th December,
2018. A total of 330 primary PLELC patients were enrolled.
Primary PLELC was diagnosed based on the criteria set by
the World Health Organization.5 Nasopharyngoscopy or
radiological imaging of the nasopharynx was conducted to
rule out metastatic LELC from nasopharyngeal carcinoma.
Pathologic tumor stage was defined according to the eighth
edition of the American Joint Committee on Cancer staging
system.32 This study was approved by the Hospital’s
Research Ethics Committee. All the patients provided writ-
ten informed consent. We reviewed the medical records of the
330 PLELC patients and analyzed their clinicopathological
information including age at diagnosis, gender, stage, status of
EGFR mutation and ALK alteration, expression status of
Epstein-Barr virus-encoding small RNA (EBERs), P63 and
cytokeratins 5/6 (CK5/6).
To investigate the prevalence of driver mutations in PLELC

patients, we searched the literature published in PubMed
and Web of Science from 1st January, 2000 to 31th August,
2019 using a combination of the three keywords: “pulmonary
lymphoepithelioma-like,” “carcinoma” and “mutation.” The
previous literature which reported the driver mutations in
PLELC were analyzed. The response of targeted therapy in
PLELC patients who harbored driver mutations both at the
GLCI and in the literature was also analyzed. Progression-free
survival (PFS) was defined as the time from the start of the
targeted therapy to disease progression or death from cancer,
whichever came first.

Immunohistochemistry staining and in
situ hybridization (ISH) of EBERs

EBERs were detected using the EBV Probe in Situ Hybridi-
zation Kit (ZSBIO, Beijing). Most tumors were evaluated
with immunohistochemical staining using CK5/6 (D5/16
B4, dilution: 1:400, Gene Technology, China), P63 (4A4,
dilution: 1:1000, Gene Technology, China). All the tests
were carried out and evaluated according to the manufac-
turer’s instructions.

Genetic analysis

Genetic analysis of the tumor was performed in
203 patients (203/330, 61.5%). EGFR mutations were
detected by Sanger sequencing or amplification refractory
mutation system (ARMS) (AmoyDx, Xiamen, China), as
previously described.33 ALK alterations were detected by
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fluorescence in situ hybridization with ALK break apart
probes and/or immunohistochemistry (IHC) staining with
Ventana anti-ALK antibody as previously described.34

Results

Clinicopathological characteristics of
330 PLELC patients

The clinicopathological characteristics of 330 patients with
PLELC are presented in Table 1. There were 148 males
(148/330, 44.8%) and 182 females (182/330, 55.2%). The
median age at diagnosis was 53 years (range, 13–78 years).
A total of 70% of PLELC patients were younger than
60 years. The 330 patients at diagnosis belonged to the fol-
lowing stages: 62 patients (62/330, 18.8%) were stage I,
48 patients (48/330, 14.5%) were stage II, 99 patients
(99/330, 30.0%) were stage III, and 121 patients (121/330,
36.7%) were stage IV. Among the 203 patients who received
a genetic test, five patients (5/175, 2.9%) were positive with
EGFR mutation and three patients (3/140, 2.1%) were posi-
tive with ALK alteration. Most tumors were positive for the
expression of EBERs (319/320, 99.7%) (10 patients did not
undergo EBERs test), CK5/6 (218/228, 95.6%) and P63
(196/201, 97.5%).

EGFR and ALK alterations in PLELC patients
of GLCI

As shown in Table 2, eight patients were positive with EGFR
or ALK alterations at the GLCI between 1 January 2008 and
30 December 2018. There were two patients with EGFR Exon
21 L858Rmutation (by Sanger sequencing), two patients with
EGFR Exon 20 insertion (by ARMS-PCR) and one patient
with EGFR Exon 19 and Exon 21 co-mutation (by ARMS-
PCR). As for the three ALK positive patients, they were all
detected by Ventana IHC. Among these patients, half were at
stage II or III and received surgical treatment. Four patients
were diagnosed at stage IV and two received targeted therapy
after the genetic test.

Molecular alterations of PLELC in the
literature

Using the keywords of “pulmonary lymphoepithelioma-like
carcinoma” and “mutation,” we searched for literature publi-
shed in PubMed and Web of Science between 1 January 2000
and 31 August 2019. A total of 15 articles which referred to
driver mutations in PLELC were identified by electronic
searches (Table 3). There were 1071 PLELC cases that men-
tioned driver mutations. Most of the patients were from
Guangzhou and Hong Kong. Among the PLELC patients,
EGFR mutation and ALK alteration were positive in 15 and
one patient, respectively. TP53 gene mutation was found in
21 patients (only mentioned in two articles, 21/118[17.8%]).
Only one PLELC patient was positive for KRAS mutation.
Except that, Chang et al.30 reported no alterations of ALK,
KRAS, ROS1, and BRAF in 66 PLELC patients.

Targeted therapy in PLELC patients with
driver gene mutant

The response of TKIs in PLELC patients with driver gene
mutations are summarized in Table 4. There were only

Table 1 The clinicopathological characteristics of 330 primary pulmo-
nary lymphoepithelioma-like carcinoma (PLELC) patients

Variables No. of patients Percent (%)

Gender
Male 148 44.8%
Female 182 55.2%

Age (year)
<60 231 70.0%
≥60 99 30.0%

Stage
I 62 18.8%
II 48 14.5%
III 99 30.0%
IV 121 36.7%

Mutation
EGFR 5/175 2.9%
ALK 3/140 2.1%

EBERs 320
Negative 1 0.3%
Positive 319 99.7%

CK5/6 228
Negative 10 4.4%
Positive 218 95.6%

P63 201
Negative 5 2.5%
Positive 196 97.5%

CK5/6, Cytokeratins 5/6; EBERs, Epstein-Barr virus-encoding small RNA;
P63, tumor protein 63.

Table 2 Molecular mutations in primary pulmonary
lymphoepithelioma-like carcinoma (PLELC) at the Guangdong Lung
Cancer Institute (GLCI)

Patients Mutation status Detection method TNM stage EBERs

1 EGFR 21 L858R Sanger sequencing III 3+
2 EGFR 21 L858R Sanger sequencing IV 3+
3 EGFR 20 insertion ARMS-PCR IV 2+
4 EGFR 20 insertion ARMS-PCR II 3+
5 EGFR exon 19/21 ARMS-PCR III 1+
6 ALK fusion Ventana IHC IV 3+
7 ALK fusion Ventana IHC IV 3+
8 ALK fusion Ventana IHC II 3+

ARMS, amplification refractory mutation system; EBERs, Epstein-Barr
virus-encoding small RNA.
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four patients who received targeted therapy as a palliative
treatment. Wang et al.28 reported the first case of EGFR
mutant PLELC who had received Gefitinib, but in whom
there waw no objective response was observed and pro-
gression free survival (PFS) was only one month. In the
study of Quin, et al.2 there was only one patient with
EGFR mutation who had been treated with EGFR-TKI for
just one month because of a quick disease progression. At
our institution, there was one patient who received
Erlotinib after she was detected positive with an EGFR
EXON 19 deletion, but the PFS was only one month
(no objective response was observed). Another ALK posi-
tive patient had disease progression one month after she
received Crizotinib.

Discussion

PLELC is a rare and unique subtype of lung cancer which
is associated with EBV infections and has often been iden-
tified in young non-smokers. Since its first report in 1987,
there have been around 1200 cases documented in the lit-
erature. Due to its rarity, the prevalence of driver mutation

and the response of TKIs in advanced mutant patients with
PLELC has not been thoroughly investigated. To the best
of our knowledge, this study is the first to summarize the
prevalence of EGFR and ALK alteration and the response of
TKIs in PLELC. We retrospectively analyzed the gene pro-
files and treatment courses of 330 PLELC patients at the
GLCI. The mutation rates of EGFR and ALK were 2.9% and
2.1%, respectively. Moreover, EGFR mutation and ALK
alteration were detected positive in 15 and one patient in
the literature, respectively. There were four PLELC patients
with driver gene mutations who received TKIs but they
experienced disease progression only one month later. Alto-
gether, these data suggest that the mutation rates of EGFR
and ALK in PLELC are lower than other common types of
NSCLC. TKIs showed a limited response in the PLELC
patients with driver gene mutations.
In this study, we found that EGFR and ALK alteration

were very rare in PLELC patients. The mutation rates of
EGFR and ALK were 2.9% and 2.1% in the 330 PLELC
patients of the GLCI cohort. In other studies published in
the literature, EGFR mutation and ALK alteration in
PLELC patients were reported positive in only 15 and one
patient, respectively. The EGFR mutation rate in the litera-
ture ranges from 0% to 9.1% (average rate is 1.5%
[15/972]). ALK alteration was detected positive in three
PLELC patients in our study, while only one was reported
in the literature by Ose et al.38 The variant rates may be
due to the small sample size of each study which warrants
further investigation. In the study by Gou and Wu which
demonstrated the frequencies of driver mutations in non-
small cell lung cancer in China,19 the mutation rates of
EGFR were 48.4% (675/1795), 4.3% (9/208), and 28.2%
(570/2021) in lung adenocarcinoma, squamous cell cancer

Table 3 Literature related to molecular mutations in primary pulmonary lymphoepithelioma-like carcinoma (PLELC) published between 1 January
2000 and 31 August 2019

Authors Area Total cases EGFR ALK KRAS Other

Tam et al.35 Hong Kong, China 11 1 NA NA NA
Wong et al.36 Hong Kong, China 11 NA 0 NA NA
Liang et al.8 Guangzhou, China 52 0/11 NA NA NA
Liu et al. 29 Guangzhou, China 32 0 NA NA NA
Wang et al. 28 Guangzhou, China 42 1 0 NA NA
Fang et al. 37 Guangzhou, China 113 2 0 NA NA
Chang et al. 30 Tai Wan, China 66 8 0 0 0 (BRAF)
Ose et al. 38 Osaka, Japan 1 0 1 NA NA
Hong et al. 31 Guangzhou, China 91 0 0 NA 14 (P53)
Lin et al. 39 Guangzhou, China 39 0/19 NA NA NA
Lin et al. 40 Fuzhou, China 20 0/3 0/2 0/1 NA
Xie et al. 10 Guangzhou, China 429 2 0 0 NA
Zhou et al. 41 Guangzhou, China 27 0 0 1 7 (P53)
Yin et al. 42 Guangzhou, China 52 0 0 NA NA
Qin et al.2 Guangzhou, China 85 1 NA NA NA
Total 1071 15 1 1 NA

NA, not available.

Table 4 Summary of target therapy in primary pulmonary
lymphoepithelioma-like carcinoma (PLELC) patients at the Guangdong
Lung Cancer Institute (GLCI) and in the literature

Patients Case sources Mutation status Target therapy PFS (m)

1 Wang et al.28 EGFR 21 L858R Gefitinib 1.0
2 Qin et al.2 EGFR mutation EGFR TKI 1.0
3 GLCI EGFR 19 del Erlotinib 1.0
4 GLCI ALK fusion Crizotinib 1.1

PFS, progression-free survival.
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(SCC) and NSCLC, respectively. ALK arrangement was
positive in 6.7% (114/1700), 2.0% (8/396), and 5.6%
(108/1913) in lung adenocarcinoma, SCC and NSCLC,
respectively. Among the 506 NSCLC patients who received
EGFR mutation analysis in the study by Wu et al. the
EGFR mutation rate was 30.04%.43 An et al. reported that
the mutation rate of driver genes might differ among dif-
ferent histology subtypes and smoking status.44 EGFR and
ALK alteration is rare in PLELC. The reason for this could
be because PLELC might harbor a unique genetic profile
which may impact on its response to targeted therapy.
In contrast to the excellent activity of TKIs in mutant lung

adenocarcinoma, TKIs showed a limited response in the
PLELC patients with EGFR/ALK mutation in this study. We
analyzed the PFS of EGFR/ALK mutant PLELC patients who
received TKIs at the GLCI and in the literature. Four patients
received TKIs after they were detected positive with EGFR/
ALK mutation. However, they experienced disease progres-
sion only one month later. According to the result of IPASS,
OPTIMAL, Lux-lung 3, and 6, the median PFS of EGFR TKI
(Gefitinib, Erlotinib, and Afatinib, Dacomitinib and
Osimertinib) to the EGFRmutant NSCLC patients was nearly
10–13 months.20–23 As for ALK arrangement patients, the
results of PROFILE 1014, PROFILE 1029 and ALEX study
suggest that Crizotinib and Alectinib were sensitive for ALK
positive NSCLC patients, and the median PFS was
11–34 months.24,25 Based on these observations, TKIs may not
be suitable for this type of lung cancer. Recently, Hong et al. 31

reported the genomic landscape of 91 PLELC patients by
whole-exome sequencing and targeted deep sequencing. They
found that the frequent loss of type I interferon genes and
mutated genes TP53, NOTCH1, and MGA were prevalent in
PLELC. Critical pathways including NF-κB, JAK/STAT, and
cell cycle were also altered. These genomic features might be
responsible for the poor efficacy of TKIs treatment in PLELC
as TP53mutation has been reported to compromise TKI effi-
cacy.45 Similar to other studies, PLELC was usually found in
younger patients (age < 60 years old). The incidence rate was
not significantly different between male and female patients.
EBERs was positive in 99.7% (319/320) of the PLELC patients.
These results support the idea that PLELC is closely associated
with EBV infection. CK5/6 and P63, which are usually
coexpressed in the lung SCC, were positive with 95.6% and
97.5% in PLELC patients, respectively. It is reported that
PLELC might be misdiagnosed as lung SCC because they
share similar immunohistochemical markers such as CK5/6
and P63.46 Therefore, EBERs in situ hybridization is vital for
the diagnosis of PLELC and poorly differentiated lung SCC.
Our study has a few limitations. First, not all the PLELC

patients received comprehensive genetic testing for all can-
cer related genes. We summarized the mutation rates of
EGFR/ALK in the literature to consolidate our findings.
Second, a few studies were not included because they were

published in the Chinese journal and were not included in
PubMed or Web of Science. According to our search
results on Chinese academic websites, there were only two
related studies which involved 10 EGFR/ALK wild-type
PLELC patients. Therefore, this would not have affected
the results of our study.
In conclusion, by reviewing the genomic profiles and clin-

ical treatment courses of PLELC patients at our institution
and in the extant literature, we found that the mutation
rates of EGFR and ALK were lower than other common
types of NSCLC, and EGFR/ALK TKIs only showed a lim-
ited response in PLELC patients with EGFR/ALK mutation.
Further efforts are warranted to explore other molecular tar-
gets to optimize the therapeutic strategy for PLELC.
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