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Original Article

Is flexible bronchoscopy necessary in the preoperative workup of 
patients with peripheral cT1N0 subsolid lung cancer?  
—a prospective multi-center cohort study
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Background: Necessity of flexible bronchoscopy (FB) examination as a routine preoperative work-up for 
peripheral clinical T1N0 subsolid lung cancer was unknown. 
Methods: This was a prospective, multi-center clinical trial (NCT03591445). Patients with peripheral 
GGO nodules (GGNs) who were candidates for surgical resection were enrolled. FB examination was 
performed preoperatively. Surgical plan could be changed if any aberrant histologic and anatomic findings 
were detected by FB examination. Primary endpoint was the rate that surgical plan was changed by positive 
FB findings. Secondary endpoints were rate of positive FB findings and rate of procedural complications. 
Results: Six hundred and fifteen patients with peripheral subsolid nodules detected by thoracic CT were 
enrolled. There were 187 (30.4%) male and 428 (69.6%) female patients, mean age was 54.85±10.41 y (range, 
26–78). 262 (42.6%) patients had pure GGNs and 353 (57.4%) patients had part-solid nodules. Mean size of 
nodules was 13.87±6.37 mm (range, 5–30). FB examinations confirmed one (0.16%) adenocarcinoma, seven 
(1.14%) bronchial variations, one (0.16%) segmental bronchostenosis, one (0.16%) segmental bronchial 
occlusion and one (0.16%) bronchial inflammation. No complications of FB examinations occurred. 568 
(92.35%) thoracoscopic and 47 (7.65%) open surgeries were performed. No established surgical plan was 
changed by positive FB findings. Final pathologies revealed 26 (4.2%) adenocarcinoma in situ (AIS), 240 
(39%) minimal invasive adenocarcinomas (MIAs), 343 (55.8%) invasive adenocarcinomas (IADs), one 
(0.2%) adenosquamous cell carcinoma, one (0.2%) squamous cell carcinoma, two (0.3%) atypical adenoid 
hyperplasia and two (0.3%) inflammations.
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Introduction

For patients with lung cancer, value of preoperative 
flexible bronchoscopy (FB) examination is to identify 
the underlying pathology, unsuspected endobronchial 
involvement and anatomical variation. However, as an 
invasive examination tool, disadvantages of FB include 
rate of procedural risk, discomfort of patients and addition 
of time and costs. Utility of FB as a routine preoperative 
work-up for patients with pulmonary nodules is under 
debate (1,2). According to the American College of Chest 
Physicians (ACCP) guideline, preoperative FB examination 
is not recommended except for pulmonary nodules with 
the presence of an air bronchogram (3). According to the 
European Society for Medical Oncology (ESMO) guideline, 
bronchoscopy is the recommended test for centrally located 
tumors in Stage I-III lung cancers (4). However, according 
to National Comprehensive Cancer Network (NCCN) 
guideline for non-small cell lung cancer (Version 7, 2019), 
FB examination is recommended for peripheral stage IA 
non-small cell lung cancer (5). 

In 2015, we retrospectively reviewed 1,026 patients 
with solitary pulmonary nodules (SPN) who receiving 
FB examination before surgery. We found the diagnostic 
sensitivity of FB examination for lung cancer was only 
5.9%, and the diagnostic accuracy was 24.3%. Only 0.2%  
(2 cases) surgeries were canceled and 3.5% (36 cases) 
surgical plans were changed because of bronchoscopic 
findings. Additionally, for 268 patients with pure ground 
glass opacity nodules (GGNs), FB examination was 
unrevealing (6). Empirically, preoperative FB examination is 
thought to be unnecessary for patients with GGNs because 
most lesions are small, peripheral and endobronchial 
involvements are hardly seen. However, there are not 
enough evidences to support this accustomed idea. 
Therefore, we performed this prospective, multi-center 
cohort study to evaluate the necessity of FB examination 
as a routine assessment for patients with peripheral clinical 
T1N0 subsolid lung cancer before surgery. We present the 

following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/tlcr-20-
1122). 

Methods

Eligibility criteria

The eligibility criteria included patients between 18-
80 years old, peripheral subsolid nodules considering 
malignancy on thoracic thin-section computed tomography 
(TS-CT) scan, clinical stage T1N0M0, no contraindication 
for FB examination and no contraindication for surgery. 
The exclusion criteria included history of tracheobronchial 
diseases and severe smoking history (smoking index  
≥400/year). Primary endpoint of this study was the 
incidence rate that planned surgery was changed by positive 
FB findings which was defined as amount of patients 
(planned surgery was changed by positive FB findings)/
total amount of patients. Secondary endpoints were rate of 
positive FB findings and rate of procedural complications. 

Statistical analysis

Sample size estimation
One of our retrospective studies indicated the proportion 
that preoperative FB examination changed the strategy of 
a planned surgical procedure for patient with a SPN was 
3.7% (6). We hypothesized the rate that the bronchoscopic 
findings would have changed the rate of established 
surgical plans as less than 2.0% (P0), then preoperative 
FB examination would have limited impact on the surgical 
plan for patients with radiological subsolid lung cancer; 
If the bronchoscopic findings would have changed the 
rate of established surgical plans as more than 4.0% (P1), 
then preoperative FB examination would be regarded 
as one routine preoperative assessment for patients with 
radiological subsolid lung cancer. Null hypothesis: H0: P ≤ 
P0; Alternative hypothesis: HA: P ≥ P1. α =0.05, 1-β =0.9. 

Conclusions: FB examination was unnecessary in the preoperative assessment of peripheral clinical T1N0 
subsolid lung cancer.
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Using Simon’s two-stage approach, the first phase enrolled 
612 patients. If ≥18 patients supported the alternative 
hypothesis, it entered the second phase, otherwise the trial 
was terminated; the second phase enrolled 451 patients. 
A total of 1,063 patients completed the verification. If 
the patient number who eventually changed the surgical 
plan was ≤27, and the null hypothesis was accepted, that 
preoperative FB examination would be unnecessary for 
patients with subsolid lung cancer.

Baseline characteristics of patients were reported as 
number (%) for categorical variables. All statistical analyses 
were performed by using Microsoft Office Excel 2007 
(Microsoft, Redmond, WA, USA) and SPSS version 19.0 
(IBM, Chicago, IL, USA).

Clinical practice

Two chest radiologists preoperatively evaluated the TS-
CT images on lung window settings (window width,  
1,600 HU; window level, −600 HU; width and interval, 1.0 
and 1.0 mm) for measuring radiologic characteristics of the 
nodules. Maximum diameter of the nodules was measured 
on the single largest axial dimension measured on a lung 
window and an edge-enhancing (sharp) filter was recorded 
for the size of solid component and whole nodule. Subsolid 
nodules were diagnosed depending on the presence of 
ground glass opacity (GGO). In the subsolid nodules, 
pure GGN was defined as a nodule without a solid part, 

and part solid nodules (PSN) was defined as a lung lesion 
with both a GGO and solid part (7) (Figure 1). Anatomic 
variations of bronchus and vessels were also evaluated 
using 3-D reconstruction of CT images, especially when 
segmentectomy was conducted. PET/CT scan was optional 
for patients with subsolid nodules in this study. 

Patients received FB examinations before the day of 
surgery. The procedure of FB examination was described 
before (6). Biopsies were taken using a brush, needle, 
forceps or cytologic washing. Biopsies were performed for 
patients with visualized intrabronchial lesions and suspicious 
bronchiarctia. Fluoroscopy was not used in this study. All 
bronchoscopic findings and procedural complications were 
evaluated and recorded.

Sublobar resection (wedge/segmental) or lobectomy was 
mainly selected according to the radiologic characteristics 
including nodule size, nodule location and percentage 
of GGO component on TS-CT. Sublobar resection was 
selected for AIS/MIA and lobectomy was selected for 
invasive adenocarcinoma (IAD) according to intraoperative 
frozen pathology (8). And for radiologically GGO 
predominant IAD ≤2 cm, segmentectomy was also selected. 
The planned surgery could be changed if any aberrant 
histologic and anatomic findings were detected by FB 
examinations. Postoperative pathologic assessment was 
made according to the 2015 World Health Organization 
(WHO) Classification of Tumors of the Lung, Pleura, 
Thymus and Heart (9). Lung adenocarcinoma was classified 

Figure 1 CT figure of subsolid nodules in this study.
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according to the 2011 IASLC/ATS/ERS classification of 
lung adenocarcinoma as adenocarcinoma in situ (AIS), 
minimal invasive adenocarcinoma (MIA), IAD (10). 
Pathologic staging was according to the eighth edition of 
the TNM classification of lung cancer (11). 

This prospective, multi-center clinical trial was 
conducted in ten Chinese hospitals including Fudan 
University Shanghai Cancer Center, Shanghai Zhongshan 
Hospital, Anhui Chest Hospital, Guanxian Central 
Hospital of Shandong Province, Affiliated Hospital of 
Jiangnan University, Jilin Provincial Tumor Hospital, 
Henan Cancer Hospital, Jiangdu People’s Hospital of 
Yangzhou Jiangsu Province, The Third People’s Hospital 
of Jieyang and Queen Mary Hospital of Hongkong in 
China. This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The protocol 
was approved by the Institutional Review Boards of 
Fudan University Shanghai Cancer Center (the primary 
investigation institution) (IRB number: 1809191-19-1810). 
This clinical trial was registered in https://clinicaltrials.gov 
(NCT03591445). All enrolled patients provided the written 
informed consent.

Results

From November 2018 to November 2019, 615 patients 
were included in this clinical trial (Figure 2). There were 
187 (30.4%) male and 428 (69.6%) female patients, the 
mean age was 54.85±10.41 years old (range, 26–78). 499 
patients (81.1%) were non-smokers, and 116 patients 
(18.9%) were smokers. Of these patients, 404 (65.7%) 
patients had solitary nodules and 211 (34.3%) patients had 
multifocal nodules (Table 1).

There were 262 (42.6%) pure GGNs and 353 (57.4%) 
part-solid nodules confirmed by the radiologists in this 
study. For multifocal nodules, only the predominant 
nodule was analyzed, and its characteristics were recorded. 
Mean size of these nodules was 13.87±6.37 mm (range, 

5–30). 230 (37.4%) nodules were located in right upper 
lobe, 33 (5.4%) were located in right middle lobe, 97 
(15.8%) were located in right lower lobe, 180 (29.3%) 
were located in left upper lobe and 75 (12.2%) were 
located in left lower lobe. There were no N1/2 diseases 
assessed by HRCT in this study (Table 1).

All patients received FB examination before the 
surgery. Eleven positive findings of FB examinations were 
indicated, including one (0.16%) pathologically confirmed 
adenocarcinoma, seven (1.14%) bronchial variations 
(also detected by TS-CT scan), one (0.16%) segmental 
bronchostenosis, one (0.16%) segmental bronchial 
occlusion and one (0.16%) bronchial inflammation. No 
related complications including hypoxemia, haemorrhage 
and pneumothorax were found. Five hundred and sixty-
eight (92.35%) thoracoscopic and 47 (7.65%) open 
surgeries were performed subsequently, including 216 
(35.12%) wedge resections, 134 (21.79%) segmentectomies, 
46 (7.50%) wedge resection plus segmentectomies, 180 
(29.26%) lobectomies, 36 (5.85%) wedge resection 
plus lobectomies and 3 (0.48%) segmentectomies plus 
lobectomies. All surgical plans were made according to the 
radiologic features of these nodules before FB examinations. 
No established surgical plans were changed by positive 
FB findings. Final pathologies confirmed 26 (4.2%) 
AISs, 240 (39%) MIAs, 340 (55.80%) IADs, one (0.2%) 
adenosquamous cell carcinoma, one (0.2%) squamous cell 
carcinoma, two (0.3%) atypical adenoid hyperplasia and two 
(0.3%) inflammations. Pathologic TNM staging showed 
that there were 23 (3.74%) stage 0, 276 (44.88%) stage IA1, 
259 (42.60%) IA2, 42 (6.83%) IA3, 2 (0.33%) IB, 2 (0.33%) 
IIA and 4 (0.65%) IIIA diseases (Table 1).    

Discussion

The clinical practice of FB examination is quite different 
in China and in the western countries. In China, FB 
examination is routinely performed in the endoscopic room 
before the day of the surgery, so the surgeons do not use 
the FB in the operation room. However, in the US and 
Europe, it is fairly standard practice for the anesthesiologist 
or surgeon to perform FB examination in the process 
of anesthesia, or after the anesthesia before the surgery. 
Intraoperative bronchoscopy offers several advantages such 
as position control of the double lumen tubes, especially 
for anaesthetists who are not experienced in single lung 
ventilation, suction of secretions before ventilation of the 
lung and final evaluation of the bronchial stump after the 

Figure 2 Flow chart of patients enrollment in this study.

635 patients were assessed for eligibility

20 patients were excluded:
1. 15 with simultanous subsolid & 
solid nodules
2. 2 with smoking index ≥400/year
3. 3 with clinical T2a nodules

615 patients were enrolled and analyzed
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Table 1 Baseline characteristics of patients and perioperative 
parameters in this trial

Parameter N=615 (%)

Age (year) (range) 54.85±10.41 [26–78]

Gender

Male 187 (30.4)

Female 428 (69.6)

Smoking status

Smoker 116 (18.9)

Non-smoker 499 (81.1)

GGO component※

Pure GGNs 262 (42.6)

Part-solid nodules 353 (57.4)

Single or multifocal nodules

Single 404 (65.7)

Multifocal 211 (34.3)

Mean size of nodules (mm) (range)※ 13.87±6.37 [5–30]

Distributions of nodules※

Right upper lobe 230 (37.4)

Right middle lobe 33 (5.4)

Right lower lobe 97 (15.8)

Left upper lobe 180 (29.3)

Left lower lobe 75 (12.2)

Bronchoscopic findings

Negative 604 (98.2)

Positive 11 (1.8)

Confirmed adenocarcinoma 1 (0.16)

Bronchial variations 7 (1.14)

Segmental brochiostenosis 1 (0.16)

Segmental bronchial occlusion 1 (0.16)

Bronchial inflammation 1 (0.16)

Surgical approach

Thoracoscopic 568 (92.35)

Open 47 (7.65)

Type of surgeries

Wedge resection 216 (35.12)

Segmentectomy 134 (21.79)

Table 1 (continued)

Table 1 (continued)

Parameter N=615 (%)

Wedge plus segmentectomy 46 (7.50)

Lobectomy 180 (29.26)

Wedge plus lobectomy 36 (5.85)

Segmentectomy plus lobectomy 3 (0.48)

Final pathology※

Adenocarcinoma in situ 26 (4.20)

Minimal invasive adenocarcinoma 240 (39.00)

Invasive adenocarcinoma 343 (55.80)

Adenosquamous cell carcinoma 1 (0.20)

Squamous cell carcinoma 1 (0.20)

Atypical adenoid hyperplasia 2 (0.30)

Inflammation 2 (0.30)

Pathologic TNM stage※

Stage 0 23 (3.74)

IA1 276 (44.88)

IA2 262 (42.60)

IA3 42 (6.83)

IB 2 (0.33)

IIA 2 (0.33)

IIIA 4 (0.65)

Primary outcome measure

Rate that surgical plan was 
changed findings positive flexible 
bronchoscopic findings

0%

Secondary outcome measures

Rate of positive FB findings 1.8%

Rate of procedural complications 0%
※Main lesion was analyzed for multifocal nodules.

surgery. However, for patients in western countries, FB 
examination could be simplified in the operation room, and 
this would save the time of the operation, according to the 
findings in this study. And for Chinese patients, it could 
reduce the latency time for the surgery, and save the average 
medical expense of about 144 dollar per person.  

Most previous studies analyzed the diagnostic value of 
FB for SPN, but not subsolid nodules. In 2013, Schwarz 
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C and his colleagues prospectively evaluated 225 patients 
with SPNs, and their results showed that unsuspected 
endobronchial involvement was found in 5.5% of patients 
with lung cancer. FB examination changed the planned 
surgical approach in five cases. Accordingly, they suggested 
the FB examination as a regular preoperative assessment 
of patients with SPN (2). However, in 2014, Jo and his 
colleagues retrospectively analyzed 668 NSCLC patients 
with no evidence of endobronchial lesions in the airways 
other than the primary cancer site on both thoracic CT 
and PET/CT scan. They found unsuspected malignant 
endobronchial lesions on FB was found in only two cases 
(0.3%), and they indicated that preoperative FB was 
not necessary for assessing the airways of early staged 
lung cancer patients without evidence of endobronchial 
malignant involvement (12). In 2015, we retrospectively 
reviewed 1,026 patients with SPNs, and we found the 
diagnostic sensitivity of FB examination for lung cancer 
was 5.9%, only 0.2% (2 cases) surgeries were canceled 
and 3.5% (36 cases) surgical plans were changed because 
of bronchoscopic findings (6). The different sample sizes 
and different patients inclusion criteria of these studies 
might account for the different conclusions. In Schwarz 
C’s study, the rate of biopsies was relatively higher (77.7%) 
for patients with SPNs compared with other studies. In 
Jo KW’s study, they excluded patients with endobronchial 
diseases. Recently, Lim and his colleagues showed that 
bronchial brushing and washing could increase the 
diagnostic yield for patients with invisible endobronchial 
tumors (13). Possibly, this procedure may be beneficial 
for solid tumors. But we have no ideas whether this is 
beneficial for GGO tumors, considering that there were 
few studies analyzing FB examination for patients with 
GGNs. In our study in 2015, subgroup analysis showed 
that FB examination was unrevealing for 268 patients with 
pure GGNs (6). Because this analysis was retrospective, we 
performed this prospective multi-center clinical trial. And 
in this trial, FB examination showed limited values as a tool 
for pathologic diagnosis or a means for making surgical 
plan for patients with peripheral subsolid lung cancer. A 
total of 11 patients (1.8%) had the positive findings of 
FB examination in this study. Of these patients, only one 
patient obtained pathologic diagnosis of adenocarcinoma 
by FB examination. He was planned to have right upper 
lobectomy because the lesion was part solid and the 
maximal diameter was 3 cm. Another patient was detected 
the right dorsal bronchus stenosis, and he was planned 
to receive right lower lobectomy because the lesion was 

part-solid and the maximal diameter was 2.5 cm. The 
other patient was detected right bronchus occlusion of 
anterior basal segment. He was planned to receive right 
S6 segmentectomy because of a 6 mm part-solid nodule. 
Moreover, seven patients were detected anatomical 
variations of right bronchus. These bronchial variations 
were previously found by CT scan, and the surgical plans 
were decided accordingly. Therefore, these positive 
findings of FB examinations did not change the planned 
surgeries which had been decided before. 

Limitation of this trial was that the object of this study 
was the patient with subsolid lung cancer. The prevalence 
of subsolid lung cancers is quite high in China, while it is 
relatively low in USA and Europe. In addition, it is unclear 
whether subsolid lung cancers are similar between Eastern 
and Western patients, since most studies of subsolid lung 
cancers are from Eastern countries. Moreover, results of this 
study could be applied for patients with subsolid tumors, 
but not for patients with pure-solid lung cancers.  

Conclusions

This was the first, prospective, multicenter clinical trial 
evaluating the necessity of preoperative FB examination for 
patients with peripheral radiological subsolid lung cancer. 
As the primary endpoint of this trial, the incidence rate 
that planned surgery was changed by positive FB findings 
was 0%. As the secondary endpoints, rate of positive FB 
findings was 1.8%, and rate of procedural complications 
was 0%. Therefore, FB examination was unnecessary in the 
preoperative assessment for patients with peripheral clinical 
T1N0 subsolid lung cancer. 
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