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Abstract
Background: Transbronchial biopsy (TBB) with endobronchial ultrasonography and
a guide sheath (EBUS-GS) is an effective examination tool for the diagnosis of lung
cancer. Factors related to making the diagnosis are still not fully understood.
Methods: A total of 367 patients who underwent EBUS-GS and were diagnosed with
lung cancer in Saga University Hospital were investigated retrospectively. Clinical
characteristics were compared between 244 patients who were diagnosed with lung
cancer and 123 patients who were not diagnosed by TBB with EBUS-GS but were
diagnosed by other examinations.
Results: Size of target lesion, rate of patients with target lesion size ≥20 mm, presence
of the bronchus sign, and detection by EBUS imaging were significantly associated
with making the diagnosis (all p < 0.01). In patients whose lesion was detected by
EBUS imaging, patients with positive findings within the lesion were significantly
more often diagnosed by TBB with EBUS-GS than those with positive findings adja-
cent to the lesion (p < 0.01). The odds ratio (OR) of patients whose lesion was
detected by EBUS imaging (OR [95% confidence interval] 14.5 [8.0–26.4]) tended to
be higher compared to the ORs of size of lesion ≥20 mm (3.9 [2.2–6.8]) and the bron-
chus sign (7.5 [4.6–12.2]).
Conclusion: Targeted lesion diameter ≥20 mm, bronchus sign, and detection by
EBUS imaging, especially within the lesion, are important factors for the diagnosis of
lung cancer by TBB with EBUS-GS.
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INTRODUCTION

Lung cancer is a life-threatening disease, and 1.79 million
deaths due to lung cancer were reported worldwide in 2020;
it is the most frequent cause of cancer-related death.1 For
the diagnosis and selection of treatments such as surgical
resection, radiation, and chemotherapies, precise collection
of lung samples is necessary.2 Moreover, the detection sensi-
tivity of lung lesions on thin-slice, high-resolution computed
tomography (CT) is increasing because of its easy access and

improved quality,3,4 contributing to providing more chal-
lenges for physicians to make the diagnosis of relatively
small and peripheral lung lesions.

Bronchoscopy is the pivotal tool for making the
diagnosis,5 and the diagnostic sensitivity for peripheral
lesions ≥20 mm and those <20 mm has been reported to be
66% and 34%, respectively.5 When abnormal cells are not
found on bronchoscopy, other examinations, such as
CT-guided biopsy or surgical resection, should be considered,
but this leads to delay in making the diagnosis and causes
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additional physical invasion.6 These data indicate that a more
sensitive tool for diagnosis is needed, and factors associated
with making the diagnosis of lung cancer on bronchoscopy
should be clarified.

Recently, endobronchial ultrasonography with a guide
sheath (EBUS-GS) has been clinically indicated. A guide sheath
has the capacity to fix the appropriate bronchus with reduced
bleeding as a complication, and radial ultrasonography can
detect surrounding tumor directly7,8 which contributes to an
increased diagnosis rate of lung cancer.9,10 Ali et al. reported
that the diagnostic yield of peripheral lesions by radial endo-
bronchial ultrasound was 72.3% in their meta-analysis of 25 pro-
spective studies with 2920 lesions,11 even though a recent report
from Huang et al. from Taiwan did not show the superiority of
using EBUS with GS compared to EBUS without GS.12

In a Japanese, single-center, retrospective analysis, Minami
et al. showed that the diagnostic sensitivity for lung cancer in
60 patients who underwent EBUS-GS was higher, at 83.3%,
than that for 50 patients who underwent transbronchial biopsy
(TBB) without EBUS-GS, at 68%, and they concluded that
EBUS-GS is effective for diagnosing lung cancers <20 mm.13

In addition, the bronchus sign, which is defined as the respon-
sible bronchus clearly reaching inside the target lesion14 and
detection on EBUS imaging, within or adjacent to the lesion,
were also identified as factors associated with making the diag-
nosis of lung cancer by TBB with EBUS-GS.15 These data sug-
gested that EBUS-GS contributes to increased sensitivity for
the diagnosis of lung cancer, but factors associated with the
diagnosis on TBB with EBUS-GS are still not fully understood.

In the present study, the clinical characteristics of patients
who were diagnosed with lung cancer by TBB with EBUS-GS
and those who were not diagnosed by TBB with EBUS-GS,
but were diagnosed by other means, such as CT-guided
biopsy, surgical resection, and others, were retrospectively
compared. It was found that size of lesion ≥20 mm, presence
of the bronchus sign, and EBUS image detection, especially
within the lesion, were significant factors associated with
making the diagnosis of lung cancer on TBB with EBUS-GS.

METHODS

Study design and patients

In our institute, bronchoscopists are encouraged to use TBB
with EBUS-GS because of the expected higher diagnostic rate
and fewer adverse effects, except for visible central lesions,
compared to TBB without EBUS-GS. To identify patients who
underwent TBB with EBUS-GS, 1227 cases who underwent
diagnostic bronchoscopy for lung lesions at Saga University
Hospital between 2015 and 2020 were retrospectively ana-
lyzed. A total of 860 patients were excluded because
805 patients were diagnosed with diseases other than lung
cancer, and 55 patients who were diagnosed with lung cancer
underwent bronchoscopy without EBUS-GS. Thus,
367 patients who underwent TBB with EBUS-GS and were
diagnosed with lung cancer were identified. A total of

244 patients were diagnosed by TBB with EBUS-GS at the ini-
tial procedure, and 123 patients were diagnosed by other
examinations. Of the 123 patients who were not diagnosed by
TBB with EBUS-GS, the diagnosis was made by surgical re-
section in 94 patients and CT-guided biopsy in 16 patients
who underwent the procedures to make the diagnosis of lung
cancer for the targeted lesion. Four patients underwent TBB
with EBUS-GS frequently and were diagnosed with lung can-
cer by subsequent examinations, but not the initial TBB with
EBUS-GS. Six patients were clinically diagnosed as having
lung cancer based on the efficacy of subsequent anticancer
treatments. Two patients were diagnosed by transbronchial
needle aspiration with EBUS collected from their mediastinal
lymph node, and one patient was diagnosed by collection of
pleural effusion fluid; their target lesions were also clinically
diagnosed as lung cancer considering the chest CT findings
(Figure 1). All cases underwent thin-section chest CT before
bronchoscopy. Patient data including age, sex, smoking status,
size of lesion on chest CT, and bronchus signs were evaluated
at the time closest to when EBUS-GS was performed. On
thin-section chest CT, a pulmonologist identified the bronchus
sign, defined as the responsible bronchus clearly reaching the
inside of the target lesion; a representative image is shown in
Figure 2(a). EBUS images within (Figure 2(b)) and adjacent to
(Figure 2(c)) the lesion and complications related to bronchos-
copy were also evaluated by a pulmonologist. In terms of com-
plications, fever was defined as a temperature ≥38�C 24 h
after the bronchoscopy, and hemorrhage was directly observed
by bronchoscopy or detected as bloody sputum after bron-
choscopy. The sites of target lesions on CT imaging were cate-
gorized by lobe, referring to the previous report.16

Bronchoscopy procedure

After administration of local pharyngeal anesthesia, all
patients were lightly sedated with midazolam or midazolam
and fentanyl. A 20-MHz radial type ultrasound probe with an
external diameter of 1.4 mm (UM-S20-17S; Olympus Medical
Systems) connected to an endoscopic ultrasonography system
(EU-M30S Olympus Medical Systems, Tokyo, Japan) and a
guide sheath with an external diameter of 1.9 mm (K-201
kit equipped with a biopsy forceps and cytological brush;
Olympus Medical Systems) were used in all cases. The bron-
choscopists chose bronchoscopes with a 2.0-mm-diameter
working channel (BF-P260F, BF-P290; Olympus Medical
Systems) at their own discretion. Similarly, frequencies of
collected samples were also determined by each bronchoscopist.

Cytological and pathological evaluations

Diagnosis of lung cancer using histological and cytological
samples was performed by a histopathologist and was based
on hematoxylin–eosin staining and immunostaining of
formalin-fixed, paraffin-embedded samples for classification
of histological type in Saga University Hospital.
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Statistical analysis

Quantitative data are expressed as means � standard devia-
tion (SD). The clinical data were analyzed by Student’s t-test
for continuous variables or the chi-squared test for categori-
cal variables. Odds ratios (ORs) and 95% confidence inter-
vals (CIs) were calculated by logistic regression analysis. A
p-value less than 0.05 was considered statistically significant.
Statistical analysis was performed with JMP Pro version
14.2.0 software (SAS Institute Inc.).

RESULTS

Characteristics of patients with lung cancer who
were and were not diagnosed by TBB with
EBUS-GS

Of the 367 total patients with lung cancer, 244 patients
(66.5%) were diagnosed, and 123 patients (33.5%) were not
diagnosed by TBB with EBUS-GS. Age, sex, and rate of

current or past smoking were not significantly different
between the two groups. The targeted lesions in the group of
patients who were diagnosed by TBB with EBUS-GS were
significantly larger than those who were not diagnosed, with
diameters of 37.5 and 30.5 mm, respectively (p < 0.01). The
rates of patients whose lesion was ≥20 mm, who showed the
bronchus sign, and had EBUS image detection were higher
in patients who were diagnosed by TBB with EBUS-GS than
in patients who were not diagnosed (diameter ≥ 20 mm:
89.3% vs. 68.3%, p < 0.01; bronchus sign: 80.7% vs. 34.8%,
p < 0.01; EBUS image detection: 92.6% vs. 46.3%, p < 0.01).
The diagnostic yield of lung cancer was 72.2% in patients
whose targeted lesion diameter was ≥20 mm and 40.0% in
patients whose targeted lesion diameter was <20 mm. Diag-
nostic yields also depended on the number of bronchus
signs, which were 37.3%, 76.1% and 86.7% for 0, 1, and 2 or
more bronchus signs, respectively. Pathological features
were not significantly different between the two groups
except for non-small cell carcinoma (NSCLC) not otherwise
specified. There were also no differences in lobar distribu-
tion between the two groups (Table 1).

Diagnosed as lung cancer and underwent EBUS-GS
(n = 367)

Bronchoscopy for abnormal lung lesions
(n = 1,227)

Excluded because,
Diagnosed other than lung cancer (n = 805)
Diagnosed as lung cancer by TBB without 

EBUS-GS (n = 55) 

Diagnosed by TBB with 
EBUS-GS (n = 244)

Diagnosed by others
(n = 123)

Diagnosed by
• Surgical resection (n = 94)
• CT-guided biopsy (n = 16)
• Following TBB with EBUS-GS 

(n = 4)
• Clinically † (n = 6)
• Transbronchial needle 

aspiration with EBUS (n = 2)
• Pleural effusion (n = 1 )

F I G U R E 1 Study design. Patients
diagnosed with lung cancer by TBB with
EBUS-GS. A total of 367 patients who
underwent TBB with EBUS-GS and were
diagnosed with lung cancer were identified. A
total of 244 patients were diagnosed by TBB
with EBUS-GS, and 123 patients were
diagnosed by other examinations. *Of the
55 patients, 53 had a visible central lesion,
and only two patients with a peripheral
lesion in the lung underwent TBB without
EBUS-GS. †Six patients were clinically
diagnosed as having lung cancer considering
the efficacy of chemotherapy. Abbreviations:
EBUS-GS, endobronchial ultrasonography
with a guide sheath; TBB, transbronchial
biopsy
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F I G U R E 2 Representative
images of the bronchus sign and
endobronchial ultrasonography
with a guide sheath (EBUS) imaging
including within and adjacent to the
lesion. (a) The bronchus sign is
observed in the peripheral lung field
on chest computed tomography
with the lung window setting. EBUS
imaging of (b) within and
(c) adjacent to (arrow shows the
detected image of the targeted
lesion) the image are shown

T A B L E 1 Characteristics of patients with lung cancer who were and were not diagnosed by TBB with EBUS-GS

Diagnosed by TBB with
EBUS-GS (n = 244)

Undiagnosed by TBB with
EBUS-GS (n = 123) p-value

Age (years) 72.0 � 9.8 72.6 � 7.5 0.55

Sex (M/F) 162/82 73/50 0.18

Current or past
smoker

177 (72.5%) 80 (65.0%) 0.14

Size (diameter, mm) 37.5 � 17.5 30.5 � 17.3 <0.01

Size ≥ 20 mm
(diameter)

218 (89.3%) 84 (68.3%) <0.01

Bronchus sign 197 (80.7%) 44 (35.8%) <0.01

EBUS image detection 226 (92.6%) 57 (46.3%) <0.01

Pathology Adenocarcinoma 159 (65.2%) 75 (61.0%) 0.52

Squamous cell
carcinoma

45 (18.4%) 29 (23.6%) 0.25

NSCLC/NOS 16 (6.6%) 2 (1.6%) <0.05

Small cell lung cancer 9 (3.7%) 4 (3.3%) 0.83

Others 15 (6.1%) 12 (9.8%) 0.21

Lobar distribution Right upper lobe 74 (30.3%) 45 (36.6%) 0.23

Right middle lobe 16 (6.6%) 7 (5.7%) 0.75

Right lower lobe 49 (20.1%) 32 (26.0%) 0.20

Left upper lobe 66 (27.0%) 24 (19.5%) 0.11

Left lower lobe 39 (16.0%) 15 (12.2%) 0.33

Abbreviations: EBUS-GS, endobronchial ultrasonography with a guide sheath; NSCLC/NOS, non-small cell lung cancer/not otherwise specified; TBB, transbronchial biopsy.
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Diagnostic yield depending on ultrasonic probe
location and association with detection on
EBUS imaging

Looking at the diagnostic yield of TBB with EBUS-GS con-
sidering EBUS imaging, 21.4% (18/84) of patients with
lesions were not detected on EBUS imaging, 60.3% (44/73)
of patients were detected on EBUS imaging adjacent to the
lesion, and 86.7% (182/210) of patients detected on EBUS
imaging within the lesion were diagnosed with lung cancer.
In 283 patients with lesions detected on EBUS imaging,
patients with positive findings within the lesion were signifi-
cantly more often diagnosed by TBB with EBUS-GS than
those with positive findings adjacent to the lesion (p < 0.01)
(Table 2).

Odds ratios of factors including size of lesion
≥20 mm, presence of the bronchus sign, and
detection on EBUS imaging

To investigate the factors related to the diagnosis of lung
cancer, ORs with 95% CIs were calculated focusing on sig-
nificantly different parameters between patients who were
and were not diagnosed by TBB with EBUS-GS. Targeted
lesion diameter ≥20 mm (OR [95% CI]: 3.9 [2.2–6.8]) and
the bronchus sign (7.5 [4.6–12.2]) were significantly

associated with the diagnosis of lung cancer by TBB
with EBUS-GS. In addition, the OR of detected on EBUS
imaging tended to be higher compared to the ORs of size of
lesion ≥20 mm and the bronchus sign (14.5 [8.0–26.4])
(Figure 3).

Examination of molecular markers for patients
with NSCLC treated with cytotoxic
chemotherapies, molecular targeted drugs, or
immune checkpoint inhibitors

Because exploring molecular markers is important for treat-
ment selection in patients with NSCLC treated with antican-
cer therapy,17 the markers were evaluated to clarify whether
they were useful. A total of 91 patients with NSCLC diag-
nosed by TBB with EBSU-GS were treated with cytotoxic
chemotherapies, molecular targeted drugs, or immune
checkpoint inhibitors. Markers were evaluated in 80 patients
(87.9%) for epidermal growth factor receptor (EGFR),
56 (62.5%) anaplastic lymphoma kinase (ALK), 44 (48.4%)
programmed death-ligand 1 (PD-L1), 22 (24.2%) V-ros
UR2 sarcoma virus oncogene homolog 1 (ROS-1), 11 (12.1%)
V-raf murine sarcoma viral oncogene homolog B1(BRAF),
and two (2.2%) MET by single plex assay. Only one (1.1%)
patient was evaluated by multiplex mutation assay (Table 3).

Complications of TBB with EBUS-GS

In the present study, 30 patients (8.2%) developed complica-
tions associated with TBB with EBUS-GS. Eight patients
(2.2%) had fever, five (1.4%) had hemorrhage, four (1.1%)
had bacterial bronchitis, and three (1.0%) had pneumotho-
rax, and all recovered with specific treatments. Briefly, all
five patients with hemorrhage had mild bleeding and recov-
ered without any additional intervention. In the three
patients who suffered pneumothorax, one patient was trea-
ted conservatively, and the other two patients recovered with
insertion of a chest tube.

T A B L E 2 Difference in the type of EBUS image between within and
adjacent to the lesion in the diagnosis of lung cancer by TBB with EBUS-GS

Diagnosed by TBB
with EBUS-GS

Undiagnosed by
TBB with EBUS-GS p-value

Type of EBUS
image

(n = 283)

Within 182 28 <0.01

Adjacent to 44 29 –

Abbreviations: EBUS-GS, endobronchial ultrasonography with a guide sheath; TBB,
transbronchial biopsy.

Diameter ≥ 20 mm)

Positive bronchus sign

Detection on EBUS images

Odds ratio

Factors Odds ratio (95% CI)

3.9 (2.2 – 6.8)

7.5 (4.6 – 12.2)

14.5 (8.0 – 26.4)

0.1 1 10

F I G U R E 3 Odds ratios of factors
including the rate of patients with targeted
lesion diameter ≥20 mm, the bronchus sign,
and detected on EBUS imaging.
Abbreviations: EBUS-GS, endobronchial
ultrasonography with a guide sheath; 95% CI,
95% confidence interval
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DISCUSSION

In the present retrospective study, the diagnostic yield of
TBB with EBUS-GS for lung cancer was 66.5%, and several
factors related to the diagnosis of lung cancer by TBB with
EBUS-GS were identified. In particular, the size of the tar-
geted lesion, rate of patients whose targeted lesion diameter
was ≥20 mm, bronchus sign, and detected on EBUS imaging
were significant contributors to making the definite diagno-
sis by TBB with EBUS-GS. Furthermore, detection on EBUS
imaging tended to be more associated with the diagnosis
than the others, and in patients detected on EBUS imaging,
the finding of within the lesion was significantly more
related to making the diagnosis than that adjacent to the
lesion.

TBB with EBUS-GS has been reported to contribute to
increased sensitivity for the diagnosis of lung cancer, with
increasing evidence compared to conventional flexible
bronchoscopy.5,13 The diagnostic rate of traditional trans-
bronchial biopsy in several studies ranged from 14% to
63%,18–20 which is lower than the results of the current
study. In addition, a meta-analysis of EBUS-GS showed a
diagnostic yield of 73.2%, which was the highest compared
to other modalities, including electromagnetic navigation
bronchoscopy, virtual bronchoscopy, and ultrathin bron-
choscopy combined with radial endobronchial ultra-
sound.21 According to these data, EBUS-GS is a pivotal
examination tool for making the diagnosis of lung cancer.
Notably, a comparative evaluation of the diagnostic yield
of lung cancer by EBUS-GS referring to previous reports is
challenging because it depends on the skill of the bron-
choscopist and assistant, position and size of the lesion,
and even with the condition of patients under anesthesia.
Indeed, Jaing et al. performed a prospective, controlled
study, and their diagnostic yield for targeting peripheral
pulmonary lesions that averaged 28.7 mm was 64.5%,
which was close to the current results.22

In the present study, the size of the targeted lesion, espe-
cially diameter ≥20 mm, the bronchus sign, and detection
on EBUS imaging were associated with the diagnosis of lung
cancer by TBB with EBUS-GS. A pooled analysis of a study
of lung cancer diagnosis with radial probe endobronchial
ultrasound showed that the diagnostic yield for lesions
>20 mm was significantly higher, at 77.7%, than for lesions
≤20 mm, at 56.3%, supporting the present results.23 Lee
et al. analyzed an EBUS-GS database of 393 patients with
peripheral lung lesions, and concluded that the bronchus
sign along with EBUS imaging positive within the lesion
affected the diagnostic yield of EBUS-GS in patients, partic-
ularly those with pulmonary emphysema,15 which is also
consistent with the present results.

Detection on EBUS imaging is involved in the diagnosis
of lung cancer by TBB with EBUS-GS because it reflects
physical proximity between the targeted lesion and the
approaching bronchus.24 This fact was first described by
Huang et al. approximately 15 years ago, who indicated that
the position of the probe was an independent predictor of
the diagnostic yield by TBB with EBUS,25 which is consis-
tent with the present results. Indeed, the present results also
indicated that detection on EBUS imaging was significantly
associated with the diagnosis of lung cancer by TBB with
EBUS-GS compared to patients who were not diagnosed
(Table 1). Importantly, probe position including within,
adjacent to, or not detected is essential to show the differ-
ence in the respective diagnostic yields in the present study.
Probe positioning within, but not adjacent to, or invisible,
on EBUS imaging was reported as significantly associated
with the diagnostic yield of EBUS-GS.15,26 Interestingly, the
finding of adjacent to the lesion might also be important for
the diagnosis because the yield is higher than that of not
detected, supporting the association of detection on EBUS
imaging compared to nondetection, even though detection
sensitivity was significantly lower compared to the finding
of within the lesion (Table 2). In addition, the OR of detec-
tion on EBUS imaging for the diagnosis of lung cancer with
EBUS-GS tended to be higher than the ORs of other factors,
including targeted lesions >20 mm and the bronchus sign
(Figure 3). According to these data, detection on EBUS
imaging, especially within the lesion, is important for the
diagnosis by TBB with EBUS-GS.

Notably, molecular marker analysis of lung cancer is also
important for appropriate treatment selection along with
diagnosis in patients treated by anticancer therapy.17 TBB
with EBUS-GS is a useful examination for diagnosis target-
ing relatively small tumors, but only small specimens are
obtained, which might not be a sufficient volume of samples
for extraction of deoxyribonucleic acid and ribonucleic acid
and evaluation of immunohistochemistry for molecular
analysis. In the present study, a high rate of patients with
NSCLC diagnosed by TBB with EBSU-GS who were treated
with cytotoxic chemotherapies, molecular targeted drugs, or
ICIs, was evaluated by single plex assays, such as for EGFR,
ALK, and PD-L1 (Table 3). Only one patient (1.1%) under-
went multiplex assay examination because the assay was

T A B L E 3 Examination of molecular markers in 91 patients with non-
small cell lung cancer who were diagnosed by TBB with EBUS-GS and
treated with cytotoxic chemotherapies, molecular targeted drugs, or
immune checkpoint inhibitors

Molecular markers n = 91

EGFR 80 (87.9%)

ALKa 56 (61.5%)

PD-L1b 44 (48.4%)

ROS-1 22 (24.2%)

BRAF 3 (3.3%)

MET 2 (2.2%)

Multiplex assay 1 (1.1%)

Abbreviations: ALK, anaplastic lymphoma kinase; BRAF, V-raf murine sarcoma viral
oncogene homolog B1; EBUS-GS, endobronchial ultrasonography with a guide sheath;
EGFR, epidermal growth factor receptor; PD-L1, programmed death-ligand 1; ROS-1,
V-ros UR2 sarcoma virus oncogene homolog 1; TBB, transbronchial biopsy.
aEvaluated by fluorescence in situ hybridization or immunohistochemistry.
bEvaluated by immunohistochemistry.
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approved only 6 months before the last registration period for
the present study in May 2019 in Japan and might be related
to the small volume of samples collected by TBB with EBUS-
GS. Thus, frequent sample collection using a bigger sheath
and forceps might contribute to multiplex assay performance.

The present study has some limitations. First, selection
of patients who underwent bronchoscopy depended on phy-
sician judgment, and skill of both the bronchoscopist and
assistant which might have contributed to the present
results. Second, the targeted lesion of the present cases was
not assessed as central or peripheral, although previous
reports indicated that it is important for the diagnosis of
lung cancer by bronchoscopy.16,27 We did not specify
whether the lesions were located centrally or peripherally
because of difficulty in the definition, which affects the diag-
nostic yield in the present study. Third, examination tools
including biopsy forceps, cytological brushing, washing, and
numbers performed were different depending on the indi-
vidual, which might have contributed to the diagnostic yield.
Finally, the present study involved a small number of
patients at a single hospital with limited ethnic diversity. To
confirm the validity of the results, multicenter, prospective
studies designed with appropriate controls and larger num-
bers of patients should be performed.

In conclusion, the present cross-sectional study showed
that size of targeted lesion, especially diameter ≥ 20 mm, the
bronchus sign, and detection on EBUS imaging were signifi-
cant contributors to making the diagnosis of lung cancer by
TBB with EBUS-GS. In addition, in patients whose lesions
were detected on EBUS imaging, the finding of within the
lesion was more important for the diagnosis than that of
adjacent to the lesion, which indicated that possible detec-
tion within the lesion but not adjacent to the lesion is neces-
sary to increase the diagnostic sensitivity for lung cancer of
TBB with EBUS-GS.
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