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Abstract
Next-generation sequencing (NGS) enables the diagnosis of large numbers of gene 
aberrations during one examination, and precision medicine has been developed for 
patients with advanced non–small cell lung cancer (NSCLC). However, peripheral lung 
lesions account for the majority of advanced lung cancers, especially lung adenocar-
cinoma. In these cases, it is difficult to obtain tissue samples which contain sufficient 
tumor cells by transbronchial biopsy (TBB) with forceps. Even when the target le-
sions are quite small, bronchial brushing can obtain enough tumor cells by endobron-
chial ultrasonography using guide sheath (EBUS-GS). In this study, we investigate 
the suitability of bronchial brushing cytology specimens obtained by EBUS-GS-TBB 
to evaluate the correlation between the success rate of NGS and extracted DNA/
RNA yields according to biopsy method. We prospectively collected 222 tumor sam-
ples obtained from patients with advanced lung cancer. All patients were enrolled 
in a prospective nationwide genomic screening project for lung cancer (LC-SCRUM-
Japan/Asia). Genomic data were obtained from the clinico-genomic database of LC-
SCRUM-Japan/Asia. The extraction yields of DNA/RNA from samples obtained by 
EBUS-GS-TBB were relatively low compared with tissue samples. The success rate 
of DNA sequencing for EBUS-GS-TBB was 97.9%, with no significant differences be-
tween biopsy methods. The success rate of RNA sequencing for EBUS-GS-TBB was 
80.4%, which was relatively low compared with surgical biopsy samples (P = 0.069). 
However, some rare oncogenic driver aberrations were detected from these speci-
mens. This study demonstrated that cytology samples obtained by transbronchial 
brushing with EBUS-GS-TBB were suitable for NGS analysis.
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1  | INTRODUC TION

Recently, precision medicine has been developed for patients with 
advanced non–small cell lung cancer (NSCLC). Most oncogenic 
driver aberrations occur in less than 5% of patients.1,2 To improve 
survival times in these patients, appropriate molecular targeted 
drugs are essential.3

Currently, next-generation sequencing (NGS) enables the diag-
nosis of large numbers of gene aberrations at one examination. A 
previous report revealed that small lung tumor biopsy tissue sam-
ples were suitable for NGS analysis.4 However, we often see ad-
vanced-stage NSCLC cases where only small amounts of biopsy 
specimen can be obtained, such as cytology samples obtained by 
bronchoscopy. In these patients, NGS analysis cannot be successful 
due to the lack of enough samples. Therefore, it can be difficult to 
diagnose rare oncogenic driver aberrations appropriately for all pa-
tients in clinical practice.

In advanced NSCLC patients, transbronchial biopsy (TBB) and 
endobronchial ultrasound sonography needle aspiration biopsy 
(EBUS-TBNA) are common biopsy methods to obtain samples for 
pathological diagnosis.5 Recently, there have been reports investi-
gating the suitability of TBB materials for NGS analyses.6-8 These 
reports investigated mainly formalin-fixed and paraffin-embedded 
(FFPE) tissue samples. Hagmeyer et al reported that the success 
rate of NGS was 62% using bronchoscopic brushing smear materi-
als for central airway lung cancer in a small sample size.9 However, 
peripheral lesions account for the majority of advanced lung can-
cer, especially lung adenocarcinoma. TBB using EBUS-guide sheath 
(EBUS-GS-TBB) is a useful biopsy method even for smaller periph-
eral lung nodules.10 We previously reported that EBUS-GS-TBB 
using virtual bronchoscopic navigation system demonstrated a high 
diagnostic yield (93.0%) for peripheral lung lesions.11 However, even 
if we used a virtual bronchoscopic navigation system, it could be dif-
ficult to obtain sufficient tissue to confirm malignant pathological 
diagnosis by forceps biopsy. In these cases, bronchial brushing and 
washing contributed to the pathological diagnosis in peripheral lung 
lesions and was able to obtain enough cancer cells.12

On the other hand, to improve the success rate of NGS analysis, 
the quantity of nucleic acid is an important issue. Therefore, to in-
vestigate the suitability of bronchial brushing cytology specimens 
obtained by EBUS-GS-TBB, we evaluated the correlation between 
success rates of NGS and extracted DNA/RNA yields pursuant to 
biopsy methods.

2  | MATERIAL S AND METHODS

2.1 | Patients

We prospectively collected tumor samples which were obtained 
from patients with advanced lung cancer. All patients were enrolled 
in the prospective nationwide genomic screening project for lung 

cancer (LC-SCRUM-Japan/Asia, UMIN ID: 000010234). The study 
duration of this project is divided into three periods. In the first pe-
riod, enrollment was conducted between March 2015 and March 
2017 in Japan. The second period was undertaken from April 2017 
to March 2019, and the third period started in June 2019 and has 
going on until present. For the third period, we have expanded the 
study to include East Asian countries. In March 2020, altogether 212 
institutions in Japan were included.

A total of 222 patients with advanced NSCLC or SCLC were 
enrolled in LC-SCRUM-Japan/Asia between January 2016 and 
March 2020 from St. Marianna University School of Medicine 
Hospital. All patients were pathologically confirmed to have 
primary lung cancer, and the samples were judged to contain 
enough cancer cells by the pathologists. All patients provided 
written informed consent. Genomic data were obtained from 
the LC-SCRUM-Japan/Asia clinico-genomic database, and clinical 
data including age, sex, histology, clinical stage (UICC 8th edi-
tion) were collected from electronic medical records. This study 
was approved by the institutional review board of St. Marianna 
University School of Medicine (approved no: 4455) and the 
National Cancer Center. Written informed consent was obtained 
from each of the participants.

2.2 | Collection of lung cancer samples

Appropriate methods for sample collection were judged by attend-
ing physicians and the thoracic cancer board.

Cytology samples were obtained by bronchoscopy (BF-1T260, 
BF-P260, BF-UC260FW; Olympus) or pleural effusion. For pleural 
effusion collection, at least 80 mL was needed by puncturing through 
the thoracic wall under local anesthesia. These samples were then 
transferred to a central laboratory (SRL, Inc) within 24 hours. Tissue 
samples by conventional methods were obtained by single-port 
semi-rigid (semi-flexible) medical thoracoscopy (LTF-260; Olympus) 
under local anesthesia, US guided and CT guided core needle biopsy 
(CNB), and surgical biopsy. These tissue samples were immediately 
transferred to a deep freezer and archived without DNA/RNA sta-
bilizing solution. All tissue samples were pathologically confirmed to 
contain adequate tumor cells.

2.3 | Bronchoscopy specimens

Transbronchial biopsy was performed for primary lung lesions with 
radial probe EBUS (UM-S20-17S; Olympus) using the guide sheath 
method (EBUS-GS-TBB) (K-201 guide sheath kit; Olympus). We 
routinely performed bronchial brushing and forceps biopsy five 
times.10,13 During every bronchial brushing, the brush was directly 
suspended in physiological saline solution (PSS).

EBUS-TBNA was performed to the hilar lymph nodes and me-
diastinal lymph nodes. We routinely performed three punctures 
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with a 22G needle (NA-201SX-4022; Olympus) using an aspira-
tion-back-lock syringe. After puncture, tissue samples were ex-
pelled by needle stylet. The tissue samples were fixed in formalin, 
and these tissue samples were not used for this study. The needle 
stylet was then removed, and PSS was injected into from needle tail 
(EBUS-TBNA needle washing cytology sample). This procedure was 
repeated for every puncture.

The suspended solutions we obtained by bronchoscopy were im-
mediately centrifugated, and only pellets were frozen and archived 
without DNA/RNA-stabilizing solution in deep freeze. To maintain 
the quality and stability of DNA/RNA, all freezing and archiving 
procedures were carried out within 10 min from the time of sample 
collection. All cytology samples were pathologically confirmed to 
contain sufficient tumor cells (Figure 1).

2.4 | Extraction of nucleic acid and library 
preparation

In this study, DNA/RNA were isolated from fresh frozen samples. All 
frozen samples were carried to a central laboratory (SRL) certified 
by the Clinical Laboratory Improvement Amendments (CLIA) . DNA/
RNA were extracted and purified with a nucleic acid extraction kit 
(AllPrep DNA/RNA Mini Kit; QIAGEN) according to the manufac-
turer's protocol. DNA/RNA concentrations were quantified by the 
Qubit fluorometric assay (Thermo Fisher Scientific). The minimum 
concentrations were defined as 1.67 ng/μL of DNA and 2.5 ng/μL of 
RNA. When the concentration was under the aforementioned levels, 
NGS analyses were not performed. The yields of DNA/RNA were re-
ported to each institution. After extraction of DNA/RNA, the library 

for NGS was prepared by the Ion AmpliSeq Library Plus Kit (Thermo 
Fisher Scientific).

2.5 | Next-generation sequencing

Next-generation sequencing was performed at the central labora-
tory. LC-SCRUM-Japan/Asia prepared hot-spot cancer panels for 
NGS analyses. The NGS panel was Oncomine Comprehensive Assay 
(OCA v1.0, 143 gene mutation and fusion; Thermo Fisher Scientific) 
during the first and second period. For the third period, OCA v3.0 
(161 gene mutation and fusion) was available. OCA panels were re-
quired for RNA sequencing to investigate fusion genes such as ALK, 
ROS1, RET, NTRK, and NRG1. The quantities of input for DNA/RNA 
were 10 ng, which enabled the analysis of small and inferior-quality 
samples, such as cytology pellets. All sequencings were performed 
using Ion S5 XL Systems (Thermo Fisher Scientific). In this study, we 
defined a complete process of sequencing with sufficient DNA/RNA 
as successful.

2.6 | Statistical analysis

Each success rate was compared with the results of surgical biopsy 
by Fisher's exact test. All statistical analyses were performed with 
EZR (Saitama Medical Center, Jichi Medical University), which is 
a graphical user interface for R (The R Foundation for Statistical 
Computing). More precisely, it is a modified version of R commander 
designed to add statistical functions frequently used in biostatis-
tics.14 Statistical significance was indicated by P < 0.05.

F I G U R E  1   Flow chart of cytology samples obtained by bronchoscopy. EBUS, endobronchial ultrasound sonography; GS, guide sheath; 
NGS, next-generation sequencing; PSS, physiological saline solution; TBB, transbronchial biopsy; TBNA, needle aspiration biopsy
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3  | RESULTS

3.1 | Patient characteristics

In this study, a total of 222 patients were enrolled at St. Marianna 
University School of Medicine Hospital. The characteristics of all pa-
tients and each biopsy methods are listed in Table 1. Bronchoscopy 
(TBB or EBUS-TBNA) was the dominant biopsy method. In the pre-
sent cohort, the majority of patients were histologically confirmed 
nonsquamous (non-Sq), NSCLC, and stage IV. The majority of biopsy 
sites were primary lung lesions.

3.2 | Extracted yield of DNA/RNA

Median yields of nucleic acids are described in Table 2. Extracted 
yields of RNA were consistently lower than those of DNA, regardless 
of biopsy method (Table 2; Figure 2). Furthermore, nucleic acid yields 
from cytology samples were lower than those from tissue samples. 
Median extracted yields of DNA from bronchoscopy samples were 
70 ng/mL for TBB and 90 ng/mL for EBUS-TBNA.

These yields were relatively low compared with tissue samples. 
Median extracted yields of RNA from bronchoscopy samples were 
10 ng/mL for TBB and 20 ng/mL for EBUS-TBNA. Extracted RNA 

from bronchoscopy pellets were quite small compared with tissue 
samples. Regarding histologic classifications, the quantity of nucleic 
acids from non-Sq samples was relatively low compared with other 
histologic classifications (Table 3).

3.3 | Success rate and results of NGS analyses

The success rates of NGS were 99.1% (96.8%-99.9%, 95% CI) for 
DNA sequencing and 85.1% (71.1%-89.5%, 95% CI) for RNA se-
quencing in all patients (Table 2). Only in the case of two patients we 
could not perform the NGS analyses due to insufficient extraction of 
DNA. Therefore, there were no significant differences in the success 
rates between biopsy methods. On the other hand, regarding RNA 
sequencing, the success rate of cytology samples from bronchos-
copy was relatively low compared with tissue samples. The success 
rates of RNA sequencing were 80.4% (71.1%-87.8%, 95% CI) for TBB 
and 84.4% (70.5%-93.5%, 95% CI) for EBUS-TBNA.

We performed exploratory analyses according to histologic 
classifications. In patients with squamous cell carcinoma (Sq), the 
success rate of RNA sequencing was much lower than that of other 
histologic classifications (Table 3). We detected various rare driver 
oncogene aberrations (Figure 3) although we used transbronchial 
brushing specimens for 41.6% (69/166) of patients in the non-Sq 

TA B L E  1   Patients’ characteristics

All

Cytology sample (N = 153) Tissue sample (N = 69)

EBUS-GS-TBB 
(bronchial brushing)

EBUS-TBNA 
(needle washing)

Pleural 
effusion Thoracoscopy CNB

Surgical 
biopsy

Number of cases 
(%)

222 (100%) 97 (43.7%) 45 (20.3%) 11 (4.9%) 16 (7.2%) 37 (16.7%) 16 (7.2%)

Median age 
(range)

70 (35-88) 70 (46-88) 70 (48-86) 68 (49-75) 65 (39-81) 67 (35-83) 64 (48-78)

Histology

Non-squamous 166 (74.8%) 69 32 11 14 29 11

Squamous 28 (12.6%) 15 4 0 0 6 3

Small cell 28 (12.6%) 13 9 0 2 2 2

Stage

IIIA/IIIB/IIIC 40 (18.0%) 21 14 0 0 3 2

IVA/IVB 170 (76.6%) 75 25 11 15 32 12

Postoperative 
recurrence

12 (5.4%) 1 6 0 1 2 2

Biopsy site

Lung 120 (54.1%) 97 (100%) 0 0 0 18 (48.7%) 5 (31.3%)

Lymph node 56 (25.2%) 0 45 (100%) 0 0 8 (21.6%) 3 (18.7%)

Bone 8 (3.6%) 0 0 0 0 4 (10.8%) 4 (25.0%)

Liver 4 (1.8%) 0 0 0 0 4 (10.8%) 0 (0%)

Brain 2 (0.9%) 0 0 0 0 0 (0%) 2 (12.5%)

Other 32 (14.4%) 0 0 11 (100%) 16 (100%) 3 (8.1%) 2 (12.5%)

Abbreviations: CNB, core needle biopsy; EBUS-GS-TBB, transbronchial biopsy using endobronchial ultrasound sonography guide sheath; EBUS-
TBNA, endobronchial ultrasound sonography–guided needle aspiration biopsy.
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cohort. In the non-Sq cohort, seven patients could be considered for 
investigational molecular targeted drug trials.

4  | DISCUSSION

This is the first and the largest prospective cohort study to inves-
tigate the suitability of fresh frozen cytology samples obtained by 
transbronchial brushing for NGS analysis in patients with periph-
eral lung cancer using EBUS-GS-TBB. We demonstrated that trans-
bronchial brushing pellets were suitable for NGS analysis even if 
the amount of extracted nucleic acid was relatively small compared 
with other biopsy methods. These findings could be useful in clinical 
practice.

Transbronchial brushing for peripheral lung cancer has some ad-
vantages. First, this method is less invasive and can obtain sufficient 
samples using the guide sheath method, without severe bleeding.10 
Second, we often see patients with small peripheral lung nodules. In 
these cases, it is difficult to obtain sufficient tumor cells from small 
lung nodules by forceps biopsy. Even if the target lesions are quite 
small, bronchial brushing enables sufficient tumor cells collection.12 

Third, even when fresh frozen samples are required, pathological 
confirmation is still possible by dividing the same sample into two 
tubes (Figure 1).

F I G U R E  2   Extracted DNA/RNA 
yield according to biopsy methods. In 
the box-whisker plot, upper and lower 
whiskers indicate 90 and 10 percentiles, 
respectively. The top and bottom of 
box indicate 75 and 20 percentiles, 
respectively. CNB, core needle biopsy; 
EBUS, endobronchial ultrasound 
sonography; TBNA, needle aspiration 
biopsy; TBB, transbronchial biopsy

Non-sqamous Sqamous Small

Number of cases (%) 166 (74.8%) 28 (12.6%) 28 (12.6%)

Samples for NGS

Cytology 112 (67.5%) 22 (78.6%) 24 (85.7%)

Tissue 54 (32.5%) 6 (21.4%) 4 (14.3%)

Extracted amount of nucleic acid (ng/mL)

DNA median 
(range)

80 (10-370) 95 (10-380) 135(60-400)

RNA median 
(range)

20 (10-790) 15 (10-210) 20 (10-120)

NGS success rate (%)

DNA sequencing 100% (98.2-100) 92.9% (76.5-99.1) 100% (89.9-100)

RNA sequencing 86.7% (80.6-91.5) 60.7% (40.6-78.5) 100% (89.9-100)

TA B L E  3   Extracted DNA/RNA 
and success rate of next-generation 
sequencing (NGS) according to histologic 
classification

F I G U R E  3   Distribution of driver oncogene aberrations in 
non-Sq non–small cell lung cancer (NSCLC) (N = 166). Percentage 
and number of patients. Others included three cases of PIK3CA 
mutation, three cases of MET amplification, and one case of NRAS 
mutation
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A few studies have reported on the feasibility of TBB for NGS 
analysis.4,6-8 We selected four studies in which the number of cases 
was over 10 (see Table 4). When we compare these data, we need to 
pay attention to the number of genes in each NGS panel. Most re-
cent studies reported on FFPE tissue samples. In the present study, 
we demonstrated a relatively high success rate of NGS analyses 
compared with previous reports (Table 4). One of the reasons for 
this high success rate might be that we utilized fresh frozen samples. 
When small FFPE biopsy samples are used for NGS analysis, there 
are concerns regarding DNA/RNA fragmentation and quality. In a 
previous report, the agreement of gene expression between fresh 
frozen and FFPE was not so high (63%); storage time and archival 
condition might have caused this low agreement.15 Therefore, we 
used fresh frozen samples in LC-SCRUM-Japan/Asia.

Interestingly, in our exploratory analyses according to histologic 
classifications, the success rate of RNA sequencing in Sq was much 
lower than that of other histologic classifications despite the larger 
amount of DNA/RNA extracted (Table 3). Sq is characterized by ne-
crotic tendencies, and these necrotic samples might have caused the 
low success rate. Regarding this discussion point, further studies are 
needed.

This study has several limitations. First, this cohort was a part of 
LC-SCRUM Japan/Asia, that is, it was a single-center cohort. Second, 
we only collected fresh frozen samples for LC-SCRUM Japan/Asia; 
however, it might be complicated to process and freeze bronchial 
brushing pellets after biopsy in clinical practice. When bronchial 
brushing materials are used, FFPE cell-block might be considered.16 
Finally, in the present study, we focused on the difference in quan-
tities of nucleic acids according to biopsy method. To investigate 
more rigidly, we should evaluate not only the quantity of DNA/RNA 
but also the quality by measuring DNA/RNA integrity number (DIN/
RIN), ΔCt, ddCq, and DV200.

Moreover, a recent study revealed that transbronchial cryobi-
opsy was useful to obtain sufficient sample size and DNA/RNA with 
good quality for whole-exome RNA sequencing.17 Transbronchial 
techniques should be more improved to perform precision medicine 
for all patients with lung cancer.

In conclusion, the present study demonstrated that cytology 
samples obtained by transbronchial brushing using EBUS-GS were 
suitable for NGS analysis. Extracted DNA/RNA yields were relatively 
small compared with other biopsy methods. However, we could de-
tect some rare oncogenic driver aberrations from these specimens. 
These findings could contribute to precision medicine for patients 
diagnosed by bronchoscopy in clinical practice.
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