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Background: Pleural effusion (PE) is commonly observed in advanced lung cancer. Research has suggested
that molecular profiling of PE could be used to detect tumor driver mutations, thus informing clinical
decision-making. However, the performance of PE samples in a real-world setting has yet to be examined.
Methods: A total of 678 metastatic lung cancer patients with pleural effusion were enrolled in this study.
Cohort 1 included 22 patients whose PE and matched plasma samples were simultaneously collected as a
pilot study. Cohort 2 comprised 656 patients, from whom 734 samples were collected in a real world setting.
These samples were subjected to targeted next-generation sequencing (NGS) of 1,021 cancer-related genes.
Results: PE supernatant was the preferred choice for genetic profiling. While the maximal somatic allele
frequency (MSAF) of plasma in patients with M1a stage was significantly lower than that in patients with
M1b/c stages (4.4%±9.6% vs. 9.0%±14.1%, P<0.01), the MSAF of PE supernatant was similar between
M1a and M1b/c stages. PE supernatant demonstrated higher sensitivity than plasma in detecting actionable
mutations in cohort 1 (81.8% vs. 45.5%, P=0.01) as well as in M1a disease (84.7% vs. 42.1%, P<0.01), but not
in M1b/c disease, in cohort 2. Known resistant mutations were identified in 72 of the 117 patients who were
resistant to first- or second-generation EGFR-TKIs, 22 of the 42 patients who were resistant to osimertinib,
and 9 of the 13 patients who were resistant to crizotinib. Remarkably, PE supernatant outperformed plasma
in identifying mutations that confer resistance to first- and second-generation EGFR-TKIs (75.4% vs.
29.8%, P<0.001).
Conclusions: This real-world large cohort study verified that PE supernatant had higher sensitivity than
plasma for identifying actionable mutations, including resistance mutations. PE supernatant would be preferred
by physicians for assessing tumor genomics in advanced lung cancer when tumor tissue is not available.
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Introduction
With the tremendous progress in the field of targeted
therapy and immune-oncology, the landscape of advanced
non-small lung cancer (NSCLC) therapies has rapidly
been evolving beyond chemotherapy over the last few
years. Targeted therapies against driver mutations such
as epidermal growth factor receptor (EGFR), anaplastic
lymphoma kinase (ALK), and ROS proto-oncogene 1
(ROS1) in patients with non-small cell lung cancer (NSCLC)
have outperformed traditional chemotherapy in improving
patients’ survival (1,2). Incorporating molecular genetic
testing into standard clinical care is the first step to identify
those patients. However, tumor tissues for molecular
profiling are not always available from advanced patients.
Therefore, the use of tumor-derived cell-free DNA (cfDNA)
isolated from body fluids, including plasma, pleural effusion
(PE), cerebrospinal fluids, saliva, and urine, for cancer
genomic profiling is being investigated (3-6). Plasma
derived cfDNA was widely accepted as a noninvasive option
for tumor genomic profiling in patients with advanced
stage malignancies, and also gained popularity for detecting
tumor evolution and monitoring minimal residual disease in
the era of precision medicine.
In advanced lung cancer patients, PE develops as a
consequence of tumor cell invasion of the pleural cavity (7).
As well as tumor cfDNA, the supernatant of PE contains
floating malignant cells, caused by impaired pleural fluid
drainage and abnormal plasma extravasation to the pleural
space (8). PE supernatant is always collected for diagnostic
and therapeutic purposes through thoracentesis. Previous
studies have used the cellular sediments and/or supernatants
of PE to detect EGFR mutations with Sanger sequencing,
amplification refractory mutation system (ARMS)
polymerase chain reaction (PCR), mutant-specific PCR,
digital PCR, and next-generation sequencing (NGS) (9-15).
Recently, genomic profiling using PE was investigated (16);
however, the performance of genomic profiling using PE
in a real-world setting has yet to be fully investigated.
Moreover, as almost all previous studies focused on
detecting actionable mutation, little is known for the use of
PE in identifying resistant mutations of treated patients.
In this study, PE and plasma samples were simultaneously
collected from 22 patients with advanced lung cancer
(cohort 1) to evaluate the feasibility of using PE-derived
DNA for clinical molecular diagnoses as a pilot study. And
then in cohort 2, 732 samples from 656 NSCLC patients
with pleural effusion who underwent NGS in a real-world
setting were analyzed to verify the efficacy of pleural
© Translational Lung Cancer Research. All rights reserved.

effusion in detecting actionable mutations and identifying
resistance mechanisms of targeted therapy. We present the
following article in accordance with the MDAR reporting
checklist (available at http://dx.doi.org/10.21037/tlcr-20882).
Methods
Patient recruitment
From September 2016 to December 2016, 22 lung cancer
patients with pleural effusion were prospectively enrolled
at the Department of Oncology, Sun Yat-sen University
Cancer Center (Guangzhou, China) and the First Affiliated
Hospital of Nanjing Medical University (Nanjing, China);
these patients comprised study cohort 1. To analyze the realworld efficacy of pleural effusion in detecting actionable
mutations, 656 NSCLC patients with pleural effusion who
underwent NGS in a College of American Pathologistsaccredited laboratory, Geneplus-Beijing (Beijing, China)
from January 2017 to January 2020, were retrospectively
analyzed as cohort 2. This study was conducted in
accordance with the principles of the Declaration of
Helsinki (as revised in 2013). The ethics committee of the
First Affiliated Hospital of Nanjing Medical University
(2019-SRFA-226) approved the study, and written informed
consent was obtained from all patients.
DNA extraction, library preparation, and target
enrichment
PE aliquots (10 mL) were centrifuged to separate the
supernatant from the cell sediment. cfDNA from the PE
supernatant and genomic DNA from cell sediment samples
was extracted separately. All tissue samples included in
this study underwent pathology review onsite to confirm
histologic classification and the adequacy of the tumor
tissues, which required a minimum of 20% of tumor cells.
Genomic tumor DNA was extracted from the tumor
tissues and PE sediments using the QIAamp DNA mini kit
(Qiagen, Valencia, CA, USA). cfDNA was extracted from
4–5 mL of isolated plasma and PE supernatant using the
QIAamp Circulating Nucleic Acid Kit (Qiagen, Valencia,
CA, USA). Genomic DNA was extracted from white blood
cells as a germline control using the DNeasy Blood Kit
(Qiagen, Valencia, CA, USA). DNA concentration was
measured using a Qubit fluorometer and the Qubit dsDNA
HS (High Sensitivity) Assay Kit (Invitrogen, Carlsbad, CA,
USA). The size distribution of the cfDNA was assessed
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biotinylated oligonucleotide probes (Roche NimbleGen,
Madison, WI, USA), covering ~230 Kbp genomic regions
of 59 genes in cohort 1 and ~1.4 Mbp genomic regions of
1,021 cancer-related genes in cohort 2 (http://fp.amegroups.
cn/cms/bbdc4b478fe987717afb65e96c7dac3e/TLCR-20882-1.pdf, http://fp.amegroups.cn/cms/875622dace17595c3
0f33d0815c8c2a3/TLCR-20-882-2.pdf) using the Illumina
Nextseq CN 500 or Gene + Seq 2000 instrument (17,18).

Table 1 Clinicopathological characteristics of patients
Characteristic

Pts. (N=678)

Age, years
Median

61

Range

25–94

Gender, No.
Female

324

Male

354

Sequencing and data analysis

Smoking, No.
Never/light smoker

373

Heavy smoker

149

NA

156

Sequencing data were analyzed using default parameters.
Adaptor sequences and low-quality reads were removed.
The clean reads were aligned to the reference human
genome (hg19) using the Burrows-Wheeler Aligner (BWA;
version 0.7.12-r1039). GATK (version 3.4-46-gbc02625)
was employed for realignment and recalibration. Single
nucleotide variants (SNV) were called using MuTect
(version 1.1.4) and NChot, an in-house software developed
for reviewing hotspot variants. Small insertions and
deletions (InDel) were determined by GATK. CONTRA
(v2.0.8) was used to identify somatic copy number
alterations. All final candidate variants were manually
verified with Integrative Genomics Viewer. Targeted capture
sequencing required a minimal mean effective depth of
coverage of 300× and 1,000× in tissues and plasma samples,
respectively. Targetable genomic alterations simultaneously
detected by this assay included base substitutions, short
insertions and deletions, focal gene amplifications and
homozygous deletions (copy number alterations), and select
gene fusions and rearrangements.

Histology subtype, No.
Adenocarcinoma

629

Adenosquamous

5

Squamous

36

Large cell/sarcoma/poor-differentiated tumor

3

NA

5

Clinical stage, No.
IVa

424

IVb/IVc

254

Previous treatment, No.
No

278

Yes

400

Specimen, No.
Pleural effusion supernant*

373

Pleural effusion sediment*

35

Tumor tissue

135

Plasma ctDNA*

245

Statistical analyses

*, including 87 patients with multiple specimens. NA, not
available; ctDNA, circulating tumor DNA.

using an Agilent 2100 BioAnalyzer and a DNA HS kit
(Agilent Technologies, Santa Clara, CA, USA). Sequencing
libraries were prepared from ctDNA using KAPA DNA
Library Preparation Kits (Kapa Biosystems, Wilmington,
MA, USA), and genomic DNA sequencing libraries were
prepared with Illumina TruSeq DNA Library Preparation
Kits (Illumina, San Diego, CA, USA). In total, 786 libraries
from 678 patients were hybridized to custom-designed
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All the statistical analyses were performed using GraphPad
Prism (v. 8.0; GraphPad Software, La Jolla, CA, USA)
software. Associations between any two categorical variables
were analyzed with Fisher’s exact test. A two-sided P value
of <0.05 represented statistical significance.
Results
Study design and patient demographics
A total of 678 patients (51.4%, male) with stage IV nonsmall cell lung cancer who had PE at diagnosis or during
disease progression were enrolled (Table 1). The median age
at diagnosis was 61 (range, 25–94) years. Of the patients,
254 (37.5%) had distant metastasis (M1b/M1c stage), and
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NSCLC patients with pleural effusion
(n=678, samples =788)

cohort 1:
Pilot study of paired pleural effusion and
plasma detected with NGS
(n=22, samples =54)

Pleural effusion
supernatant + pleural
sediment + plasma
(n=10)

Pleural effusion
supernatant + plasma
(n=12)

cohort 2:
Real-world NGS testing of single or
multiple samples
(n=656, samples =734)

Pleural effusion
supernatant
(samples =351)

Pleural effusion
sediment
(samples =25)

Tissue
(samples =135)

Treatment-naïve patients
(n=272)

Plasma
(samples =223)

Treated patients
(n=384)

TKI-resistant patients
(n=157, samples =172)

Figure 1 Study design.

424 (62.5%) did not (M1a stage). There were 629 (92.8%)
cases of adenocarcinoma, 36 (5.3%) cases of squamous
carcinoma, 5 (0.7%) cases of adenosquamous carcinoma, 3
cases of other rare subtypes, and 5 (1.2%) cases of NSCLC
without histological classification after NGS testing.
PE and matched plasma samples from 22 patients (cohort 1)
were collected simultaneously as a pilot study. To verify
the real-world efficacy of PE in genomic profiling, 734
samples from 656 consecutive patients with PE (cohort 2)
were retrospectively analyzed. In the real-world setting,
the majority of patients (86.7%, 569/656) had a single
PE, plasma or tissue sample tested, while 87 patients had
multiple samples tested simultaneously or consequently. In
total, 351 PE supernatant samples, 224 plasma samples, 138
tissue samples, and 25 PE sediment samples were collected
in cohort 2 (Figure 1). Among the 656 NSCLC patients in
cohort 2, 413 were M1a stage, with tumors located only in
the chest, while 243 were M1b/M1c stage, with 1 or more
distant metastases. Moreover, 272 patients were newly
diagnosed and 384 had previously been treated. So these
734 samples were divided into 4 groups: the treatmentnaive M1a group (n=244); the treatment-naive M1b/c group
(n=66), the treated M1a group (n=217); and the treated
M1b/c group (n=207). Comparisons between the 4 groups
revealed PE supernatant as the preferred choice for all the
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patients: 46.6–48.2% using PE supernatant, 23.3–34.8%
using plasma, 16.8–21.2% using tissue and 0.96–7.3% of
PE sediment). Moreover, tissue samples were used slightly
more often in the treatment-naive M1a stage group than
in the other groups (21.2% vs. 16.8–18.2%). Interestingly,
the treatment-naive M1a stage group also had the largest
proportion of PE sediment samples (Figure 2).
PE supernatant in pilot study
In cohort 1, the PE samples of 10 patients were separated
into supernatant and cell sediment fractions for independent
extraction of cfDNA. So, 10 samples of PE sediment, 22
samples of PE supernatant, and 22 plasma cfDNA samples
were prepared for NGS. Among them, 90.1% (20/22)
of PE supernatant samples, 90% (9/10) of PE sediment
samples, and 95.4% (21/22) of plasma cfDNA samples had
detectable somatic alterations. Actionable EGFR, ALK,
ROS1, KRAS, ERBB2, MET, RET, and BRAF mutations
were detected in 18 of the 22 supernatant samples and 10
of the plasma samples (18/22 vs. 10/22, P=0.01, Figure 3A).
Three additional ALK fusions, 3 EGFR EX19 del mutations,
1 ROS1 fusion, and 1 KRAS G12D mutation were detected
in the PE supernatant samples. For the 10 patients with PE
sediment samples, both of the 2 ALK fusions were missed in
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PE sediment

Treated, M1b/c

PE supernatant
Plasma

Treated, M1a

Tissue

Treatment naive, M1b/c

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

Treatment naive, M1a

Figure 2 Sample selection for genetic profiling. The 734 samples from cohort 2 were divided into the following 4 groups according to stage
and treatment history: the treatment-naive M1a group (n=244); the treatment-naive M1b/c group (n=66), the treated M1a group (n=217);
and the treated M1b/c group (n=207). PE supernatant was the preferred choice for genetic profiling in all groups. A smaller proportion of
patients in the treatment-naive M1a stage group had genetic profiling using plasma than in the other groups.

B

MAF of different samples (%)

A
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***

Supernatant

Plasma

Figure 3 Actionable mutations and maximal somatic allele frequency (MSAF) of cohort 1. (A) Actionable mutations detected in different
samples from patients in cohort 1. (B) MSAFs of the supernatant and plasma samples of patients in cohort 1. ***, P<0.01. Yes, detected; no,
not detected.

the sediment samples, while plasma missed 1 of the 2 ALK
fusions, 1 of the 3 KRAS mutations, and 1 of the 5 EGFR
mutations detected by PE supernatant. Then, the maximal
somatic allele frequency (MSAF) of PE-cfDNA was
compared to those of supernatant from the 22 patients. The
MSAF of the supernatant was significantly higher than that
of the matched plasma cfDNA (P=0.01) (Figure 3B). We
speculated that the lower MSAF in plasma may account for
the inferior detection efficacy of PE sediment and plasma
compared to PE supernatant.
PE supernatant in a real-world setting
To further analyze the efficacy of PE supernatant in the
real-world setting, 656 NSCLC patients with pleural
effusion in cohort 2 were retrospectively analyzed. Among
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them, 413 were M1a stage while 243 were M1b/M1c
stage. Targeted NGS of 1,021 cancer-relevant genes was
applied for genomic profiling of cohort 2. The table (http://
fp.amegroups.cn/cms/ea9ba561f7823c93a42e9c8ef64a84b
b/TLCR-20-882-3.pdf) provides a detailed list of somatic
alterations identified in each sample from the patients. To
avoid potential disturbance of treatment on MSAF, only
MSAFs of different samples from the treatment naive
patients were compared for further study. As expected, the
MSAF of plasma in M1a stage patients was significantly
lower than that in M1b/c stage patients (4.4%±9.6% vs.
9.0%±14.1%, P<0.01), but the MSAFs of PE supernatant
and tissue were similar between the M1a and M1b/c stage
patients (30.0%±29.4% vs. 32.8%±30.27%, P=0.52, Figure
4A). Therefore, we compared actionable EGFR, ALK,
ROS1, KRAS, ERBB2, MET, RET, and BRAF mutations
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Figure 4 Maximal somatic allele frequency (MSAF) and actionable mutations and of cohort 2. (A) The MSAFs of plasma, PE-supernatant,
PE-sediment, and tissue samples from patients in cohort 2. (B) Actionable mutations detected in different samples from patients in cohort 2.
(C,D) The actionable mutation detection rates of different groups; (C) M1a stage and (D) M1b/c stage. *, P<0.05; **, P<0.01.

in treatment-naive patients (n=272) separately for the
M1a and M1b/c groups (Figure 4B). The detection rate of
actionable EGFR, ALK, ROS1, RET, BRAF, KRAS, MET,
and ERBB2 mutations in supernatant was comparable to
that in tissue samples reported previously (19). However,
PE supernatant demonstrated higher sensitivity than plasma
in detecting actionable mutations in M1a disease (84.7% for
PE supernatant vs. 42.1% for plasma, P<0.01), especially
for EGFR (50.8% for PE supernatant vs. 29.8% for plasma,
P<0.01) (Figure 4C). However, in M1b/c stage patients, PEsupernatant and plasma had similar sensitivity in detecting
actionable mutations (80.7% for PE-supernatant vs. 86.4%
for plasma (P=0.58) (Figure 4D). This indicated that MSAF
may account for the detection efficacy of different sample
types.
PE supernatant for resistant mutations
Among the 384 NSCLC patients who had previously
received treatment, 157 were confirmed by NGS as resistant
to either first-, second, or third-generation EGFR-TKIs, or
crizotinib, which is a TKI for ALK or ROS1 fusion. From
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these 157 patients, 94 PE supernatant samples, 54 plasma
samples, 20 tissue samples, and 4 sediment samples were
tested to explore the underlying resistance mechanisms. Of
the samples, 117 were resistant to first- or second-generation
EGFR-TKIs, 42 samples were resistant to osimertinib, and
13 samples were resistant to crizotinib. The drug resistance
mechanisms in different samples are summarized in Figure
5A,B,C. In total, known resistance mutations were identified
in 72 of the 117 patients who were resistant to first- or
second-generation EGFR-TKIs, 22 of the 42 patients who
were resistant to osimertinib, and 9 of the 13 patients who
were resistant to crizotinib, which was similar to previous
studies (20-25). Briefly, EGFR T790M was detected in 48
of the 117 patients who were resistant to first- or secondgeneration EGFR-TKIs, which was similar to the findings
of a recent report (22). EGFR C797S/G, L718Q/V, and
G719C were detected in 11 of the 42 patients who were
resistant to osimertinib. Non-EGFR resistance mechanisms
were identified in 94 patients who were resistant to EGFRTKIs, with PI3K-AKT-mTOR signaling-related genomic
alterations occurring in 16 patients. KRAS/NRAS and BRAF
activation was detected in 9 and 3 patients, respectively.
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Figure 5 Known resistant mutations detected in different sample types from cohort 2. (A) PE-supernatant; (B) plasma; (C) tissue or PEsediment; (D) actionable mutation detection rates of different groups. *, P<0.05.

Gain-of-function mutations in ERBB2 were detected in 5
patients. MET amplification was identified in 9 patients.
Finally, four patients in our cohort were identified to
have ALK or RET fusion. Remarkably, PE supernatant
outperformed plasma in identifying mutations that confer
resistance to first- and second-generation EGFR-TKIs
(75.4% vs. 29.8%, P<0.001, Figure 5D).
Discussion
This real-world investigation examined genetic alterations
present in the supernatant of pleural effusion samples from
individuals with metastatic NSCLC. The study recruited
the largest cohort of individuals who had PE fluid for NGS
testing to date. Real-world data demonstrated that analysis
of cfDNA isolated from pleural effusion may provide
important genomic information regarding an individual’s
cancer that complements and expands data obtained from
tissue biopsies.
Thoracentesis is widely used to relieve respiratory
distress in patients with large amounts of PE. PE samples
are collected from advanced cancer patients for therapeutic
and diagnostic purposes. Moreover, due to its large quantity,
PE can supply larger quantities of DNA for analyses
compared with plasma. In our study, PE supernatant was
used in almost half of NSCLC cases, which shows it to be
the preferred choice for molecular profiling in the real-
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world setting (Figures 1,2).
The MSAFs of PE supernatant were significantly
higher than that of plasma cfDNA in both cohort 1 and
cohort 2, which corresponds with the findings other
reports (16). This suggests that PE supernatant contains
more abundant tumor-derived DNA. In cohort 1, more
actionable mutations, such as ALK fusions and EGFR
EX19 del mutation, were detected in supernatant samples
compared with simultaneously collected samples of
PE sediment or plasma. In cohort 2, the percentage of
actionable EGFR, ALK, ROS1, RET, BRAF, KRAS, MET,
and ERBB2 mutations was concordant with that of tissue
reported in previous studies (19). However, plasma had
significantly lower sensitivity in detecting EGFR actionable
mutations in M1a disease but similar sensitivities in M1b/
M1c disease (Figure 4C). Thus, for NSCLC patients with
M1a stage disease, PE supernatant outperformed plasma for
the detection of actionable mutations. We further explored
the efficacy of PE supernatant in identifying resistance
mutations. Similar to actionable mutations in treatmentnaive patients, PE supernatant outperformed plasma for the
detection of resistance mutations (Figure 5D). These data
suggest that in a real-world setting, PE-supernatant offers
a more accurate representation of tumor mutations than
plasma in stage M1a patients when tumor tissues are not
available.
The nature of PE formation has not been fully elucidated,
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although it is believed to originate in plasma, (26,27), the
reasons for cfDNA being more highly concentrated in PE
are still unknown. In advanced lung cancer, various mutation
types, including single nucleotide variants (SNVs), InDels,
fusions, and copy number variations, can be detected in
PE supernatants. Several recent studies have shown PE
supernatant to be more informative for tumor genomic
profiling than plasma cfDNA. In our study, this was not
only true for the initial diagnostic detection of sensitive
mutations, but also for the identification of secondary
mutations in drug-resistant tumors.
This study has some limitations. First, the cohort 1 had
a small sample size, and no tissues samples were included.
Therefore, we could not investigate the concordance
between tissue DNA, plasma cfDNA, and PE supernatant
and sediment at the same time point. Second, cohort 2 was
a retrospective snapshot study, and no therapeutic efficacy
data was considered.
Conclusions
This large-scale, real-world study verified that PE
supernatant collected from advanced NSCLC patients had
great reliability and efficacy in detecting mutations. For
patients at with M1a stage disease, PE-supernatant is a
better diagnostic tool and could serve as an alternative to
tumor tissues. In clinical practice, PE supernatant is widely
accepted by physicians not only for treatment naïve patients
but also for treatment resistant patients.
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