
ONCOLOGY LETTERS  19:  3495-3505,  2020

Abstract. Lung cancer is the most common type of cancer 
and the leading cause of cancer-associated death worldwide. 
Malignant pleural effusion (MPE), which is observed in 
~50% of advanced non-small cell lung cancer (NSCLC) cases, 
and most frequently in lung adenocarcinoma, is a common 
complication of stage III-IV NSCLC, and it can be used to 
predict a poor prognosis. In the present study, multiple oncogene 
mutations were detected, including 17 genes closely associated 
with initiation of advanced lung cancer, in 108 MPE samples 
using next generation sequencing (NGS). The NGS data of the 
present study had broader coverage, deeper sequencing depth 
and higher capture efficiency compared with NGS findings of 
previous studies on MPE. In the present study, using NGS, it 
was demonstrated that 93 patients (86%) harbored EGFR muta-
tions and 62 patients possessed mutations in EGFR exons 18-21, 
which are targets of available treatment agents. EGFR L858R 
and exon 19 indel mutations were the most frequently observed 
alterations, with frequencies of 31 and 25%, respectively. In 
1 patient, an EGFR amplification was identified and 6 patients 
possessed a T790M mutation. ALK + EML4 gene fusions 
were identified in 6 patients, a ROS1 + CD74 gene fusion was 
detected in 1 patient and 10 patients possessed a BIM (also 
known as BCL2L11) 2,903-bp intron deletion. In 4 patients, 
significant KRAS mutations (G12D, G12S, G13C and A146T) 
were observed, which are associated with resistance to afatinib, 

icotinib, erlotinib and gefitinib. There were 83 patients with 
ERBB2 mutations, but only two of these mutations were targets 
of available treatments. The results of the present study indicate 
that MPE is a reliable specimen for NGS based detection of 
somatic mutations.

Introduction

Cancer is the first or second leading cause of death in patients 
aged <70 in 91 of 172 countries and is expected to be the 
leading cause of cancer-associated death worldwide (1). In 
China, there has been an increase in the incidence and 
mortality rates of cancer, and cancer is the leading cause of 
death, constituting a major public health crisis; ~4,292,000 
new cancer cases and ~2,814,000 cancer-associated deaths 
occurred in China in 2015, with lung cancer being the most 
common and the leading cause of cancer-associated deaths (2). 
Non-small cell lung cancer (NSCLC) accounts for 80-85% of 
lung cancer cases (3), and the majority of patients with NSCLC 
are diagnosed at an advanced stage with <30% of patients 
undergoing surgical resection (4).

Large-scale sequencing studies have revealed the complex 
genomic landscape of NSCLC (5-8) and the genomic differ-
ences between lung adenocarcinomas and lung squamous-cell 
carcinomas (9). In NSCLCs, mutant oncogenes drive 
proliferation and tumor maintenance, particularly in adeno-
carcinomas (5). Tumors may be heavily dependent on these 
driver mutations for survival rather than multiple downstream 
genetic and epigenetic abnormalities (10). Mutations in EGFR 
and gene fusion of EML4-anaplastic lymphoma kinase (ALK) 
are the best studied and actionable genes in lung adenocar-
cinomas and have been observed in 15-60 and 3-5% of lung 
cancer cases, respectively (11,12). Other reported oncogenic 
driver mutations include KRAS, ROS1, BRAF, ERBB2 and 
MET (8,12). The presence of EGFR mutations and ALK gene 
fusions in lung cancer are associated with longer median 
survival times compared with the wild type status (>24 months 
vs. 5-9 months) (13).

Obtaining a suitable specimen is the first step for accurate 
gene alteration testing, allowing for histological and molecular 
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analysis, and preventing false-negative results and test failures. 
The primary sample types currently used for diagnosis are 
tissues and cytology samples, with surgical resections being 
the first used for clinical molecular diagnosis (14). However, 
50-70% of patients with NSCLCs present with advanced stage 
cancer at diagnosis and are unresectable (15). It is difficult to 
obtain an adequate amount of tumor tissue from patients with 
advanced NSCLC (7). Liquid biopsy is a noninvasive method 
that overcomes the heterogeneity of tumor tissues, and repeat 
biopsies and can be obtained throughout the progression of 
NSCLC, and this may potentially improve early detection and 
post-treatment monitoring of patients with lung cancer (16,17). 
Liquid biopsy may be one of the most influential techniques 
in the field of detecting and monitoring cancer over the next 
decade (18).

Malignant pleural effusion (MPE), which is observed in 
~50% of advanced NSCLC cases and most frequently in lung 
adenocarcinoma (19,20), is a common manifestation of stage IV 
NSCLC. For a number of patients, it may be the only specimen 
available for diagnostic and molecular testing (21,22). With a 
high tumor content, most MPE samples contain numerous 
tumor cells, which are sufficient for pathological diagnosis and 
for determining driver gene status (23-25). MPE samples can 
be obtained less invasively and repeatedly over time compared 
with samples from the primary lesion. Furthermore, previous 
studies have suggested that pleural effusions are a suitable 
source for enrichment of putative cancer stem cells (26,27).

In 2014, Akamatsu et al (23) examined genetic alterations 
in 84 patients with pleural effusions using pyro-sequencing 
and/or capillary electrophoresis, and reverse‑transcription 
polymerase chain reaction (RT-PCR) and their results showed 
that 24 patients (28.5%) possessed EGFR mutations, including 
EGFR G719C/S, G719A, exon 19 deletion, T790M, exon 20 
insertion, L858R and L861Q mutations, and 4 patients (4.7%) 
possessed fusion of ALK-EML4. Other studies have used 
direct sequencing methods, reporting an EGFR mutation 
rate between 25-68% (25,28-34). The use of high resolution 
melting (HRM) analysis has demonstrated a 50% EGFR muta-
tion rate (35) in NSCLC. Peptide nucleic acid (PNA) clamping 
methods have reported an EGFR mutation rate between 
39-72% (36-38) in NSCLC. Buttitta et al (39) conducted next 
generation pyrosequencing in bronchoalveolar lavage, and 
pleural fluid patients, demonstrating an EGFR mutation rate 
of 80.5%.

NGS exceeds the limitations of traditional Sanger 
sequencing, allowing a huge number of independent 
sequencing reactions to run simultaneously, which has laid 
the foundation for development of targeted therapies (40). This 
detection method has the power to identify new single nucleo-
tide variations (SNVs) or indel mutations, and chromosomal 
rearrangements (41-44). Liu et al evaluated the molecular 
profiling of lung adenocarcinoma using MPE specimens 
utilizing NGS, illustrating 22 cases of EGFR mutations within 
30 patients (73%), including L858R, G719S, exon 20 insertion 
and exon 19 deletion, with an average sequencing depth on 
target of 359X (45).

Although MPE is a potential candidate for molecular 
testing, its use in multiplexed molecular profiling with NGS 
has not been fully investigated. In the present study, multiple 
oncogene mutations were detected, including 17 genes closely 

associated with advanced lung cancer induction in 108 MPE 
samples using deep sequencing methods.

Materials and methods

Patient and sample characteristics. Between December 2017 
and July 2018, MPE samples from 108 patients (51 males, 
56 females, and 1 patient with unknown gender; median 
age, 68 years; age range, 30-89 years) with pathologically 
confirmed lung cancer were collected. Written informed 
consent was obtained from all participants, and the present 
study was approved by the Institutional Review Board of 
Affiliated Changzhou No. 2 People's Hospital (Changzhou, 
China). Pleural effusion samples, 20-50 ml, were obtained 
at the time of diagnosis. All cell blocks of MPE samples 
contained tumor cells. Clinical characteristics were obtained 
from medical records.

Hematoxylin and eosin (HE) staining of MPE samples. The 
pleural fluid sample was centrifuged for 10 min in a 15‑ml 
centrifuge tube at 268 x g. The supernatant was discarded and 
50% ethanol was added to 10 ml, and centrifuged for 10 min 
at 268 x g. After discarding the supernatant, 10% buffer 
neutral formaldehyde solution was added to 10 ml, followed 
by centrifugation for 10 min at 268 x g. The supernatant was 
discarded and the cell precipitates were removed and wrapped 
in wrapping paper. Subsequently, 10% buffer neutral formal-
dehyde solution was added for internal fixation for 10 min, 
then placed into the automatic dehydrator to dehydrate and 
transferred into a xylene solution for transparency (15 min at 
room temperature). The samples were subsequently waxed, 
embedded and cut into slices of 2-3-µm thickness. HE staining 
was subsequently performed. Samples were incubated in 
xylene for 5-10 min once, followed by: 3-5 min in 95% ethanol 
twice; and 1-2 min in 80% ethanol. Following rinsing, the 
samples were stained with hematoxylin for 10 min, rinsed 
and differentiated using 1% ethanol hydrochloride for 2-5 sec. 
After rinsing with running water for 10-15 min, the samples 
were stained with 0.5% eosin solution for 3-5 min. Finally, 
the slides were incubated with 80% ethanol for 1-2 sec, 
95% ethanol for 1-2 sec, 100% ethanol for 2-5 sec (repeated 
twice), xylene for 1-2 min (repeated once). Subsequently, the 
tissue sections were dried, dropped neutral resins and covered 
with a cover slide. All the above steps were at room tempera-
ture.

DNA extraction and library construction. The tumor DNA 
was extracted using a human tissue DNA extraction kit 
(YunYing Medical Technology Co. Ltd.) according to the 
manufacturer's protocols. DNA was eluted in the elution 
buffer, and concentration and purity were assessed using a 
NanoDrop spectrophotometer. DNA was stored at ‑20˚C until 
use. Library preparation was constructed using the VAHTS 
Universal DNA Library Prep kit for Illumina® sequencing 
(Illumina, Inc.). Target enrichment was performed using 
optimized probes (YunYing Medical Technology Co. Ltd.) 
that targeted the exons of 17 lung cancer-associated genes and 
specific introns. Sequencing was performed on an Illumina® 
NextSeq500 platform (Illumina, Inc.) according to the manu-
facturer's protocols.
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NGS analysis and statistical analysis. The Fastqc soft-
ware (version 0.11.2; http://www.bioinformatics.babraham.
ac.uk/projects/fastqc) and customized python scripts were 
used for screening FASTQ files, and the adaptor sequences 
and sequences with Q<30 were removed. Clean reads were 
mapped to the reference human genome GRCh37-hg19 
using Burrows-Wheeler Aligner version 0.7.7. (https://github.
com/lh3/bwa). Bam files were then realigned and recalled using 
GenomeAnalysisTK version 3.5 (https://software.broadinsti-
tute.org/gatk/), which was also used to detect mutations. Somatic 
mutations with ≥2% mutant allele frequency, and with at least 20 
supporting reads were detected using VarScan version 2.3.2 
(http://varscan.sourceforge.net/). Pindel version 0.2.5b8 
(https://www.sanger.ac.uk/science/tools/pindel) was used for 
indel detection using default parameters. Structure variation 
was identified using FACTERA version 1.4.4 with default 
parameters (https://factera.stanford.edu/). Copy number 
variations were detected using ONCOCNV version 6.4 with 
default parameters (http://boevalab.inf.ethz.ch/ONCOCNV/). 
The amplification refractory mutation system (ARMS)‑PCR 
was performed to detect all mutations with an allele frequency 
between 1-10%. All statistical analyses were performed in R 
(version 1.8.1) (46) and RStudio (version 0.99.903) (47).

Results

Patient characteristics. Pleural effusion samples from 
108 patients with advanced NSCLC were obtained between 
December 2017 and July 2018, and patient characteristics are 
shown in Table I. A total of 51 patients (47.2%) were male 
and 56 (51.8%) were female, and there was one patient whose 
gender was unknown. The median age was 68 years (range, 
30-89 years), with 11 patients between 30 and 50 years, 
51 patients between 50 and 70 years, 44 patients between 70 
and 90 years, and 2 patients whose ages were unknown. 
Adenocarcinoma was the most commonly observed histology, 
in 60.1% of cases. A total of six representative hematoxylin 
and eosin stains of MPE samples with the respective controls 
are shown in the supplemental materials (Fig. S1).

Detection of genetic abnormalities. After NGS data processing, 
the sequencing data of all 108 patient (Table SI) revealed that 
the average coverage of target regions approached 100%, the 
average fraction of effective bases on target was ~65%, and 
the average sequencing depth on target was nearly 3,492X, 
10 times greater than in a previous study (45). In the present 
study, gene mutations were classified into two groups, one 
group of mutations that can be utilized as targeted thera-
pies and another group of unknown significance at present. 
Observed genetic abnormalities in the 108 MPE specimens are 
shown in Fig. 1. Furthermore, ARMS-PCR was performed as 
described in our previous study (48), was also used to detect 
all mutations with an allele frequency between 1-10% in MPE 
samples from the 108 patients involved, to further verify the 
accuracy of NGS (Figs. S2-S10).

ERBB2 (HER2), a known proto-oncogene located on 
the long arm of human chromosome 17, is a member of the 
human EGFR (HER/EGFR/ERBB) family (49). Among the 
108 MPE samples, there were only 2 cases (females aged 89 
and 62 years old) with insertion of AYVM in M774_A775 in 

the ERBB2 amino acid sequence, which is sensitive to trastu-
zumab (Herceptin), ado‑trastuzumab emtansine (Kadcyla), 
and afatinib dimaleate (Gilotrif) treatment. Special ERBB2 
mutations are noted in Fig. 1 in green, which indicate that the 
mutation is associated with a therapeutic agent. In addition to 
these two cases of ERBB2 alterations, 83 patients (76.8%) were 
identified as harboring other ERBB2 mutations of unknown 
present significance, annotated as ‘ERBB2 other mutations’ in 
Fig. 1. Collectively, these unknown mutations were observed 
more frequently compared with all other mutations.

EGFR mutations were first identified as NSCLC driver 
oncogenes by three independent groups in 2004 (50-52). 
In the present study, analysis of 108 patients with MPE, 
demonstrated that 93 patients (86%) harbored EGFR muta-
tions, the breakdown by type of which is shown in Fig. 2 (or 
Table SII). In particularly, 16 patients harbored mutations in 
EGFR exon 18, among which, only two women possessed the 
G719A/G719S alterations. A total of 28 patients (30%) were 
found to harbor exon 19 alterations, 24 of which were deletion 
mutations, primarily in the KELREATS sequence, whereas 
only one deletion was observed in the TSPKANKE sequence. 
A total of 3 patients exhibited a E746_S752>V mutation and 
1 patient had a L747_P753>S alteration on exon 19 of EGFR. 
A total of 18 abnormalities on exon 20 of EGFR were identi-
fied, among which, 1 patient had a L798I mutation, one had 
a T790M/C797S double alteration (cis relationship), six had 
a T790M mutation and only one had an insertion of threo-
nine between D770 and N771. A total of 33 patients (35.5%) 
harbored mutations on exon 21, including L858R (n=29) and 
L861Q (n=4). There was only one case of EGFR amplification 
that simultaneously harbored a L858R mutation. Altogether, 
62 patients (66.7%) had EGFR mutations that are associated 
with sensitivity to certain agents, such as icotinib, gefitinib, 
erlotinib, afatinib and osimertinib. In addition to these muta-
tions, 31 patients (33.3%) possessed EGFR alterations outside 
of exons 18-21 which do not currently have an available 
targeted therapy (Fig. 2). It was also observed that 15 patients 
possessed a wild type EGFR gene among the 108 MPE 
samples.

Table I. Clinical characteristics of patients in this study.

Characteristic Number of cases %

Sex  
  Male 51 47.2
  Female 56 51.8
  Unknown 1 1
Age, years  
  Median (range) 68 (30-89) 
  ≥30‑<50 11 10.1
  ≥50‑<70 51 47.2
  ≥70‑<90 44 40.7
  Unknown   2 2
Histology  
  Adenocarcinoma 65 60.1
  Others unknown 43 39.9
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AKT1 is a serine-threonine protein kinase that is critical for 
transmitting growth-promoting signals, most likely via the IGF1 
receptor (53). An E17K mutation of AKT1 is associated with 
AKT1 sensitivity to the inhibitor, uprosertib (53). In the present 
study the E17K mutation was not observed; however, other altera-
tions of the AKT1 gene were observed in 60 patients (55.6%) 
(Fig. 1). The TP53 gene is the most frequently mutated gene in 
cancer, indicating that TP53 serves a crucial tumor suppressor 
role (54). A total of 45 patients (41.7%) harbored TP53 gene 
mutations, including SNVs and frameshifts (Fig. 1). BIM is a 
pro‑apoptotic member of the B‑cell CLL/lymphoma 2 (BCL2) 
family of proteins. A frequently observed intronic deletion 
(2,903 bp) polymorphism in BIM is sufficient to confer intrinsic 
tyrosine kinase inhibitor (TKI) resistance (55). This intronic dele-
tion was identified in 10 patients (9%) (Fig. 1). BRAF, a human 
gene which encodes the B-Raf protein, is a member of the Raf 
kinase family of growth signal transduction protein kinases (56). 
In the present study, 23 patients (21.3%) harbored BRAF muta-
tions, including two cases of the N581I mutations, which are 
sensitive to Solafini (57). In 6 patients, KRAS mutations were 
observed, four of whom had different mutations; G12D, G12S, 

G13C and A146T. In addition, one mutation occurred in HRAS, 
and one in NRAS, but these two mutations belonged to variants of 
unknown significance (Fig. 1). PIK3CA participates in a complex 
interaction within the tumor microenvironment (58). The present 
study demonstrated that 21 patients (19.4%) harbored PIK3CA 
mutations, but only one patient harbored a E545K mutation, 
which is sensitive to Sirolimus and Ivimos (59) (Fig. 1). PTEN acts 
as a tumor suppressor gene through its phosphatase activity (60), 
and in the present study, 23 patients (21.3%) exhibited PTEN 
mutations (Fig. 1). DDR2 serves a key role in the communication 
of cells with their microenvironment (61). In the present study, 
2 patients harbored DDR2 mutations (Fig. 1). No amplifications of 
the FGFR1 gene were observed, but 20 patients (18.5%) possessed 
SNVs in this gene (Fig. 1). There were no MET amplifications or 
exon 14 skips among the samples, but 27 patients (25%) had SNVs 
of unknown significance in the MET gene (Fig. 1). Additionally, 
no RET fusions were detected; however, there were 30 patients 
(27.8%) with SNVs of unknown significance in the RET gene 
(Fig. 1).

There was one case of an ROS1‑CD74 fusion, where ROS1 
intron 33 and CD74 intron 6 were fused in a patient of 34 years 

Figure 1. Plot showing mutations related to certain agents and variants of unknown significance frequency with variant distribution in samples. The frequency 
of variant-positive samples per gene is shown on the left, and the number of different variants per sample is shown on the upper side. The right side shows 
the total number of variants per gene. Green indicates variants related to certain therapeutic agents, red indicates variants of unknown significance and gray 
indicates no variant was detected.
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old. This fusion resulted in the formation of a new gene, and the 
corresponding sequences are listed in Table SIII. Meanwhile, 
35 patients (32.4%) exhibited SNVs of unknown significance 
in ROS1 (Fig. 1).

Overall, 6 cases (5.6%) of ALK-EML4 fusions, in 1 man and 
5 women, were observed. Table SIII shows the corresponding 
sequences, in particularly, a man (77 years old) demonstrated 
gene fusion between ALK exon 20, and EML4 intron 13. 
Meanwhile, 5 women possessed gene fusion between ALK 
intron 19, and different EML4 introns (three cases of intron 
6, one case of intron 2, and one case of intron 20). A total of 
51 patients (47.2%) possessed SNVs in the ALK gene, which 
have no known significance at present.

Profiling of mutations between males and females. Among 
MPE samples from 108 patients, there was only one person 
without sex or age information, and this patient had mutations 
of E746_A750 deletion, and T790M in the EGFR gene, as 
well as TP53 abnormalities (Table SII). Multiplexed molecular 
profiling in men (n=51), and women (n=56) is shown in Fig. 3. 
The mutation rate in females was higher than in males in the 
ERBB2 special mutations, EGFR exon 18 special mutations, 
EGFR exon 19 special mutations, ALK fusions, ROS1 fusions, 
and PIK3CA special mutations. The abnormalities in males 
which were higher compared with females were EGFR exon 21 
special mutations, BIM, TP53 mutations, and BRAF special 
mutations. The rate of EGFR exon 20 special mutations and 
KRAS special mutations were ~6%, similar between men and 
women (Fig. 3). In particular, there were 36 female patients 
(64.3%) harboring EGFR mutations with known significance, 
higher than in males (50.9%).

Mutation distributions across different ages. As mentioned 
above, one patient without age or sex information harbored 
an E746_A750 deletion, and T790M mutations in the EGFR 
gene and TP53 abnormalities. Another male patient's age 
information was not available. The mutation distributions 
in different ages are presented in Fig. 4. These results 
demonstrate that some mutation rates increased with age, 
including ERBB2 special mutations, PIK3CA special muta-
tions, BRAF special mutations, EGFR exon 21 mutations, 
EGFR exon 21 special mutations, PTEN mutations, FGFR1 

other mutations, EGFR exon 18 mutations, EGFR exon 18 
special mutations, BIM mutations, KRAS mutations, and 
KRAS special mutations. In contrast, other mutation 
frequencies decreased with age, for example the PIK3CA 
mutations, EGFR exon 20 special mutations and ROS1 
fusions. No significant difference in the other mutation 
rates and age were observed (Fig. 4).

Discussion

MPE, a common cause of symptoms, hospitalizations and 
morbidities in patients with disseminated lung cancer, is a 
cause of the lethal outcomes in various types of cancer origi-
nating from the lung (20,62), breast (20), and metastasizes to 
the pleural cavity (63). Increased tumor burden within the 
pleural space is associated with reduced overall survival in 
patients (64-66). However, the reasons why certain patients 
with pleural tumors develop MPE, whereas others do not 
remain unknown. In 2010, Stathopoulos et al (67) used 
two different models to demonstrate that host-derived IL-5 
promotes experimental MPE and may be involved in the 
pathogenesis of human MPE. Stathopoulos et al found that 
nuclear factor-κB affected tumor progression in a mouse 
model of MPE by injecting Lewis lung cancer cells directly 
into the pleural space of syngeneic C57B/6 mice (68).

A number of studies have evaluated the formation of 
MPE (69-75), and discussed the tumor and host-derived 
factors likely involved in MPE development, including osteo-
pontin (74), CCL2 (76), VEGF (71), TNF (77), angiopoietins 
1/2 (78), interleukin‑5 (67), interleukin‑6 (79). Wu et al demon-
strated for the first time that Toll‑like receptor 2 signaling 
promotes the development of MPE and accelerates the death 
of mice (72). Some methods and biomarkers have been utilized 
to improve MPE diagnostic sensitivity and specificity (80‑88), 
for example, utilization of ploidy, agyrophilic nucleolar 
organizer regions and immunocytochemistry, the combined 
use of liquid-based cytology, cell block, and carcinoembry-
onic antigen immunocytochemistry. Han et al reported that 
low-dose interleukin-2 improved response rate and disease 
control rate in patients (89). Moreover, combination therapy 
with lobaplatin and erythromycin has been shown to be a safe 
and efficient treatment for patients with NSCLC-mediated 

Figure 2. Molecular profiling of EGFR mutation distribution within 93 cases of EGFR positive patients.
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MPE (90). A previous study demonstrated the low intensity of 
effusion immune cell PD‑L1 expression in these neoplasms, 
which is associated with poor survival in patients with lung 
cancer (91).

Varying types of mutations within certain genes may result 
in proteins with a different conformation, thus providing new 
insights into mutation‑induced drug resistance and/or sensi-
tivity mechanisms, and conformational transitions connecting 
active and/or inactive states (92‑94). Furthermore, these 
conformations are critical for ligand-independent EGFR acti-
vation and downstream signaling (95).

Accurate identification of predictive genetics is crucial not 
just for patient therapy but also for increasing our knowledge 
of treatment-induced tumor evolution. Thus far, researchers 
have illustrated the feasibility of oncogene analysis in MPE 
patient samples with advanced lung cancer (25,28-38). However, 
these targeted identification approaches, for example Sanger 
sequencing, ARMS-PCR, PNA clamping, or HRM analysis are 
predominantly PCR-based methods, therefore are only suitable 
for detecting mutations in small regions of DNA. The primary 
limitation of these methods is that they require multiple PCRs and 
an adequate amount of DNA. In addition, their sensitivity does 
not exceed 1:100 (14). Previously published studies have inves-
tigated the use of molecular profiling of advanced lung cancer 
samples with MPE using NGS (39,45). These studies showed 

that EGFR mutation frequency was 80% (29/36 patients) (39) 
and 73% (22/30 patients) (45). However, the number of enrolled 
patients with MPE was not sufficient (30‑36 individuals) and the 
average sequencing depth on target was only 359X (45). In the 
present study, 108 patients with MPE were recruited between 
December 2017 and July 2018, and high‑quality purified DNA 
was extracted from cell pellets obtained from pleural effusions. 
Higher quality specimens, DNA, higher quality libraries, more 
robust quality methods (for example, sequences with Q<30 were 
removed; somatic mutations with ≥2% mutant allele frequency, 
and with at least 20 supporting reads) and controls are required 
to quantify the NGS results with greater accuracy to reduce 
false negative and false positive detections. The present study 
utilized the hybridization capture‑based assay (48) and the 
capture efficiency of YunYing's optimized probes was ~65%, 
which is superior to Agilent SureSelect, NimbleGen SeqCap 
EZ, or Illumina TruSeq Capture (96). This higher capture effi-
ciency vastly reduced false negative NGS results. In addition, 
raw data was screened with a 2% threshold for the mutant allele 
frequency at every mutant site and most of these sites had at 
least 10 supporting reads, which greatly reduced the effects of 
false positives.

Activating mutations in EGFR are the most well-known 
among lung adenocarcinomas, which are associated with 
therapeutic agents, and have been described in 15-60% of lung 

Figure 3. Multiplexed molecular profiling between men (n=51) and women (n=56). ‘Special’ indicates mutations related to certain therapeutic agents.
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cancer cases in different studies (11,97-103). The two most 
common mutations of EGFR in lung cancer are exon 19 dele-
tions (60%) and the L858R point mutation (35%) (104-108). A 
retrospective single-center study reported that the frequency 
of these specific EGFR mutations was higher in patients with 
MPE compared with those without MPE in patients with 
stage IV lung cancer (109). In the present study, 93 patients 
(86%) with MPE harbored EGFR mutations (Table SII), and 
molecular profiling of the mutation distribution within these 
93 EGFR-positive patients is shown in Fig. 2. Among these 
93 patients, 31 (33.3%) presented with mutations holding no 
known significance, including the rare mutations within exons 
18-21 and mutations outside exons 18-21. In total, 29 (31%) 
patients possessed the L858R mutation, which was the most 
common mutation. In 2015, Tsai et al (110) reported that the 
expression of EGFR-L858R in lung cancer cells resulted in the 
upregulation of CXCR4 using in vitro and in vivo experiments, 
upregulation of CXCR4 is associated with increased cancer 
cell invasive ability, promoting subsequent MPE formation. In 
the present study, the indel mutation in exon 19 was the second 
most commonly observed mutation among all mutations with 
24 patients (25.8%) harboring exon 19 indel mutations. Other 
studies demonstrated that the EGFR exon 19 deletion in lung 
cancer cell lines resulted in high basal levels of MYC and 
HIF-1α expression, which contributed to tumor angiogenesis 
and may increase the probability of MPE formation (62,111). 

The results of the present study indicate that higher EGFR 
mutation frequency was associated with increased tendency for 
MPE. Overall, in the present study, 62 patients exhibited muta-
tions within EGFR exons 18-21, who were treated with TKIs.

Rearrangements involving the ALK gene are critical 
events in NSCLC (112). ALK stimulates hypoxia pathways via 
direct regulation of HIF1α and HIF2α expression, promoting 
angiogenesis, and subsequently increasing pleural membrane 
permeability (113). ALK + EML4 gene fusion has been reported 
in ~5% of patients with MPE using immunohistochemistry, 
fluorescence in situ hybridization or RT‑PCR (114‑116). The 
present study identified 6 patients (5.5%), one male and five 
females, with the ALK + EML4 gene fusion using NGS.

Pleural metastases are more frequently observed in patients 
with lung adenocarcinoma compared with patients with wild 
type KRAS (117,118). Previously, Agalioti et al (119) demon-
strated that KRAS-mutant cells disseminated into the pleural 
cavity recruited splenic mast cells, and CD11b + Gr1+ myeloid 
cells from bone marrow to the pleural space via CCL2-CCR2 
signaling, which promoted the formation of MPE. The analysis 
of the present study identified 6 patients harboring KRAS 
mutations, only four of whom exhibited mutations of glycine 
or alanine, for which there are available treatment agents.

The BIM polymorphism has only been observed in East 
Asian populations, to the best of our knowledge (120). A 
2,903-bp deletion was discovered in NSCLC cancer at a 

Figure 4. Mutation distribution across different age groups. ‘Special’ indicates mutations related to certain therapeutic agents.
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frequency of 12-18% using PCR (120-126). Several studies 
have reported that the BIM deletion polymorphism confers 
intrinsic resistance to EGFR-TKIs in cell lines (55,121-124). 
However, other studies have reported that the BIM deletion 
polymorphism did not account for intrinsic resistance to 
EGFR-TKIs (120,125,126), notably for MPE in patients with 
lung adenocarcinoma (120). The present study also suggested 
that lung cancer development was not completely dependent 
upon the BIM pathway. NGS analysis in the present study of 
MPE samples demonstrated that 10 patients (9.2%) possessed 
the BIM polymorphism, but the role of this mutation in the 
development or treatment of lung cancer remains unclear.

In patients with lung cancer, there is a consensus among 
studies that EGFR mutations are more frequent in female than 
in male patients (127-131). In the present study, the EGFR 
mutant frequency in female patients was 64.3% (36/56 patients), 
higher than in male patients, 50.9% (26/51 patients). This was 
consistent with previous studies, but EGFR exon 21 special 
mutations, BIM mutations, TP53 and BRAF special mutations 
were higher in males than in females in the present study.

Aging is a major risk factor for the development of 
cancer. The incidence of cancer is positively associated with 
age and is relatively rare in younger individuals, except for 
leukemia (132). Aging and cancer either share or diverge with 
respect to several disease mechanisms (132). Such mechanisms 
include the role of genomic instability, telomere attrition, 
epigenetic changes, loss of proteostasis, decreased nutrient 
sensing and altered metabolism, but also cellular senescence 
and stem cell function. Cancer cells and aged cells are also 
fundamentally different, as cancer cells can be thought of as 
hyperactive cells with advantageous mutations, rapid cell divi-
sion and increased energy consumption, whereas aged cells are 
hypoactive with accumulated disadvantageous mutations, cell 
division inability and a decreased ability for energy production 
and consumption. A previous study investigating MPE from 
lung adenocarcinoma demonstrated that fewer Asian patients 
aged ≤50 years possessed EGFR mutations, but the EGFR 
mutation types observed were more uncommon (127). Most 
mutation rates observed in the NGS results in the present study 
increased with age, but the frequencies of other mutations 
decreased with age, for example, PIK3CA, EGFR exon 20 
special mutation and ROS1 fusions.

The present study has certain limitations. Therapeutic 
information for the 108 patients was not available. Additionally, 
there were no control specimens for comparison of pleural 
effusion.

In conclusion, multiplexed molecular profiling of MPE 
from lung cancer using NGS was investigated, and due to 
the higher capture efficiency and deeper sequencing depth of 
NGS, MPE may be a reliable specimen for NGS detection of 
somatic mutations using NGS.
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