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ABSTRACT

A blood-based approach such as circulating tumor DNA remains
challenging in diagnosis for early-stage disease. Bronchial wash-
ing (BW) is a minimally invasive procedure that yields fluids that
may contain tumor DNA. Therefore, we prospectively enrolled
12 patients with early-stage non-small cell lung cancer without
endoscopically visible tumors. Somatic mutations were ana-
lyzed using ultra-deep next-generation sequencing in 48 paired
specimens (primary tumor tissue, normal tissue, BW superna-
tant, and BW precipitate). In primary tumors, 130 missense

mutations/indels (5–16 per patient) and 20 driver mutations
(0–3 per patient) were found. Concordance of driver mutations
between BW fluids and primary tumors was 95.0%. The allele
frequencies for missense mutations/indels in BW supernatants
significantly correlated with those in primary tumors and were
higher than those in BW precipitates. These findings suggest
that BW supernatants are reflective of tumor-associated muta-
tions and could be used for early-stage lung cancer diagnosis.
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Lung cancer screening with low-dose computed tomogra-
phy (CT) markedly increases the incidental identification of
lung lesions, most of which are benign but require patho-
logical diagnosis via invasive procedures. Because lung
cancers identified in these screenings reflect largely early-
stage disease without endobronchial lesions, the potential
utility of circulating tumor DNA (ctDNA) detection in early-
stage lung cancer should be explored. However, ctDNA is
not currently detectable in most early-stage lung cancers
[1–4]; thus, alternative tools are needed for the ancillary
diagnosis.

Bronchial washing (BW) has a low diagnostic yield of
10%–20% in cytological examinations but is minimally inva-
sive, repeatable, and rarely causes complications [5]. BW
fluid may contain non-ctDNA shed from tumor cells [6].
Recently, epidermal growth factor receptor (EGFR) muta-
tions were effectively detected in bronchoalveolar lavage
fluid from patients with advanced-stage non-small cell lung
cancer (NSCLC) [7]. However, no studies showing the land-
scape of somatic mutations in BW fluids and their concor-
dance with primary tumor mutations in early-stage NSCLC
have been published. Here, we investigated whether BW
fluid can reflect genetic profiles of primary tumors using
next-generation sequencing.

One hundred forty-one consecutive patients who under-
went bronchoscopic examinations for lung nodules or masses
by chest CT at Inha University Hospital from January 2016 to
March 2017 were initially considered for this study. Patients
who had endoscopically visible tumors (n = 85), had acute
inflammation (n = 6), did not undergo surgical resection
(n = 30), had a benign diagnosis upon pathological examina-
tion (n = 4), or were lost to follow-up (n = 4) were excluded.
Finally, 48 paired specimens (primary tumor tissue, normal
tissue, BW supernatant, and BW precipitate) from patients
with early-stage NSCLC were enrolled after written informed
consent and local ethics approval were obtained. During ini-
tial bronchoscopic examination, BW was performed on each
patient by placing 30 mL sterile saline in the subsegmental
bronchus where the lung nodule or mass was thought to be
located. BW fluid was collected in 15 mL centrifuge tubes, and
half of each fluid specimen was centrifuged at 1,000g for
20 minutes at 4�C. The BW supernatants and precipitates
were separated and stored at −80�C. The other half of each
BW fluid specimen was used for cytological examination.
Upon tumor resection, the pathologist prepared the tumor tis-
sue and adjacent normal tissue, and aliquots were stored at
−80�C. The amount and quality of DNA extracted from the
specimens were evaluated with the Agilent 2100 Bioanalyzer

Correspondence: Jeong-Seon Ryu, M.D., Ph.D., Department of Internal Medicine, Inha University Hospital, 27, Inhang-Ro, Jung-Gu, Incheon, 22332,
South Korea. Telephone: 82-32-890-3738; e-mail: jsryu@inha.ac.kr Received February 19, 2019; accepted for publication April 10, 2019;
published Online First on April 29, 2019. http://dx.doi.org/10.1634/theoncologist.2019-0147

© AlphaMed Press 2019The Oncologist 2019;24:e603–e606 www.TheOncologist.com

Brief Communications

https://orcid.org/0000-0003-2947-8369
mailto:jsryu@inha.ac.kr
http://dx.doi.org/10.1634/theoncologist.2019-0147


(Agilent Technologies, Inc., Santa Clara, CA, USA). The custom
panel was designed with 113 genes with more than 5% sample
frequency in each sample group with reference to previous
reports in Korean populations and The Cancer Genome Atlas
database [8, 9]. The panel covered 1.705 Mbp and contained
27,480 probes. The targeted DNA library was sequenced on
an Illumina HiSeq2500 (Illumina, Inc., San Diego, CA, USA)
with 100 base-pair paired-end reads. Tissues and BW fluids
were sequenced at 1,000× and 10,000× depths, respec-
tively. Missense mutations, insertions/deletions (indels), or
driver mutations in BW supernatants and precipitates were
identified by comparing primary tumor and normal tissue
sequences. Finally, the prevalence and allele frequencies
(AFs) of mutations in primary tumors and BW supernatants
and precipitates were determined.

Of the 12 patients in this study, squamous cell carcino-
mas were found in 6. Ten patients had a history of cigarette
smoking, and four patients carried EGFR activating muta-
tions (Table 1). Malignant cells were not identified upon
BW cytological examination in 11 (92.7%) patients. A total
of 130 missense mutations/indels (5–16 per patient) and
20 driver mutations (0–3 per patient) were found in primary
tumors. In BW supernatants, 105 (80.8%) of the missense
mutations/indels and 19 (95.0%) of the driver mutations were
detected; 97 (74.6%) and 19 (95.0%) were found in BW precip-
itates, respectively (Fig. 1A). More missense mutations/indels
were detected in BW supernatants than in precipitates, but
statistical significance was marginal (p = .07). All driver muta-
tions identified in primary tumors were also detected in BW
supernatants and BW precipitates except for the ERBB2I655V

mutation. Concordance of driver mutations between BW
fluids and primary tumors was 95.0% (κ = 0.96; 95% confi-
dence interval = 0.89–1.00; p < .001). More interestingly, six
(50%) patients had two or more concurrent driver mutations
that could be associated with different tumor behaviors [10].
EGFR and STK11 were exclusively mutated in adenocarci-
noma, and FLT3 and MUC16 in squamous cell carcinoma
(Fig. 1B).

The AFs for missense mutations/indels and driver muta-
tions in BW supernatants were significantly higher than
those in BW precipitates (all p < .001; Fig. 1C). The AFs of
mutations in BW supernatants significantly correlated with
those in primary tumors and BW precipitates (Fig. 1D). The
AFs of missense mutations/indels in BW supernatants were
higher in squamous cell carcinoma (vs. adenocarcinoma),
wild-type EGFR (vs. mutant type), and tumors greater
than 3 cm in diameter (vs. ≤3 cm; all p < .001; data not
shown).

This study is the first attempt to characterize the land-
scape of tumor-derived somatic mutations in BW fluids
using next-generation sequencing. We found that most mis-
sense mutations/indels and driver mutations in primary
tumors were also detected in BW fluids. Interestingly, sub-
stantial concordance of driver mutations between BW fluids
and primary tumors was found. Thus, our study suggests
that detection of somatic mutations in BW fluids can be
used for the diagnosis, especially in patients who are con-
cerned with procedure-related complications. In addition,
BW supernatants can effectively be used in the practical
application because it had the high AFs of the mutations.

Table 1. Driver mutations in primary tumors, BW supernatants, and BW precipitates from individual patients

Driver mutations

Patient Gender
Smoking
habit Histology Stagea BW cytology Primary tumor

BW
supernatant BW precipitate

1 Male Ever ADC IA No malignancy TP53 (V274fs)
EGFR (L858R)

TP53 (V274fs)
EGFR (L858R)

TP53 (V274fs)
EGFR (L858R)

2 Male Ever SQC IB No malignancy ERBB2 (I655V) ERBB2 (I655V) ERBB2 (I655V)

3 Female Never ADC IB No malignancy EGFR (19Del)
PIK3CA
(N1044K)

EGFR (19Del)
PIK3CA
(N1044K)

EGFR (19Del)
PIK3CA
(N1044K)

4 Male Ever SQC IB No malignancy TP52 (R110L)
KRAS (G12C)

TP52 (R110L)
KRAS (G12C)

TP52 (R110L)
KRAS (G12C)

5 Male Ever ADC IB No malignancy EGFR (L858R,
A871G, F1004K)

EGFR (L858R,
A871G, F1004K)

EGFR (L858R,
A871G, F1004K)

6 Male Ever SQC IB No malignancy TP53 (G154V) TP53 (G154V) TP53 (G154V)

7 Male Ever SQC IIB No malignancy TP53 (R273L)
PIK3CA (E546K)
ALK (P43R)

TP53 (R273L)
PIK3CA (E546K)
ALK (P43R)

TP53 (R273L)
PIK3CA (E546K)
ALK (P43R)

8 Male Ever SQC IIB No malignancy TP53 (G262fs)
ERBB2 (I655V)

TP53 (G262fs)
–

TP53 (G262fs)
–

9 Male Ever SQC IIB No malignancy Not found Not found Not found

10 Male Ever ADC IIB No malignancy Not found Not found Not found

11 Male Ever ADC IIB No malignancy TP53 (G105fs)
KRAS (G12A)
MET (I1102L)

TP53 (G105fs)
KRAS (G12A)
MET (I1102L)

TP53 (G105fs)
KRAS (G12A)
MET (I1102L)

12 Female Ever ADC IIB Malignancy EGFR (L858R) EGFR (L858R) EGFR (L858R)
aBy the 7th edition Tumor-Node-Metastasis Staging for Lung Cancer.
Abbreviations: ADC, adenocarcinoma; BW, bronchial washing; SQC, squamous cell carcinoma.

© AlphaMed Press 2019

Somatic Mutations in Bronchial Washing Fluide604



However, some limitations are present in this pilot study.
First, we could not evaluate the quantitative relationships
between the mutations and biological characteristics of pri-
mary tumors including spread through air spaces because
of the small sample size. However, the AFs of missense
mutations/indels in BW fluids significantly correlated with
those in primary tumors and were affected by histology,
EGFR mutation, and tumor size. Second, the diagnostic per-
formance of the mutations was not presented because of a
lack of control group. Therefore, future research is required
to test the performance of BW supernatants for early-stage
NSCLC through artificial intelligence and clinical and radio-
logical data-driven machine-learning mechanisms.

In conclusion, this study demonstrates that BW fluids, espe-
cially supernatants, can be reflective of tumoral mutations and

can potentially be used as an ancillary diagnosis for early-stage
lung cancer.
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Figure 1. Mutational profiles identified in primary tumors, BW supernatants, and BW precipitates using ultra-deep next-generation
sequencing. (A): Venn diagrams showing the overlap of mutations in primary tumors, BW supernatants, and BW precipitates. (B): Rep-
resentative missense mutations identified in BW supernatants (left, adenocarcinoma; right, squamous cell carcinoma). (C): Comparison
of mutant allele frequencies in primary tumors, BW supernatants, and BW precipitates. p values by Mann-Whitney U test. (D): Correla-
tions of mutant allele frequencies in BW supernatants and BW precipitates.
Abbreviation: BW, bronchial washing.
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