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Background: Transbronchial lung biopsy (TBLB) of peripheral pulmonary lesions (PPLs) is usually 
performed for a definite diagnosis. Radial probe endobronchial ultrasonography is often acknowledged 
as a good guidance method for TBLB as it can help physicians confirm the lesions’ position. It is also a 
non-invasive imaging diagnostic method. This clinical study was designed to evaluate the ability of radial 
endobronchial ultrasonography (R-EBUS) to differentiate benign from malignant predominant solid PPLs 
based on imaging features.
Methods: Patients with predominant solid PPLs were enrolled in this study retrospectively. TBLB was 
performed using R-EBUS with or without other guidance techniques. One typical sonographic image and 
one video of each lesion were recorded for analysis. Six radial probe endobronchial ultrasonographic image 
features (size, shape, echogenicity, margin, blood vessel, and linear-discrete air bronchogram) were studied 
by ultrasonography specialists and physicians who were blinded to the final diagnosis. The sum score model 
of the combined predictive factors indicated the best diagnostic accuracies for predicting malignant PPLs. 
The model group results were used to establish the diagnostic standard for a verification group.
Results: A total of 303 patients were enrolled in the model group from July 2018 to July 2019 at the 
Shanghai Chest Hospital (214 with malignant and 89 with benign lesions). The mean lesion long axis on 
computed tomographic images was 34.39±13.79 mm. There were significant statistical differences between 
benign and malignant lesions in the long axis, short axis, shape, margin, blood vessel, and linear-discrete 
air bronchogram assessed by radial endobronchial ultrasound. Long axis, lobulation, distinct but not sharp 
margin, absence of blood vessel, and absence of linear-discrete air bronchogram were good predictive factors 
of malignant lesions. A sum score model value of 79.54% of these combined factors indicated the best 
diagnostic accuracy for predicting malignant lesions. Eighty-seven patients were enrolled in the verification 
group from August to October 2019. The sum score model showed a diagnostic accuracy of 82.76%. 
Conclusions: Radial endobronchial ultrasonographic features can differentiate malignant from benign 
lesions and thus have potential diagnosis value in predominant solid PPLs.
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Introduction 

Lung cancer is the leading cause of cancer mortality 
worldwide (1,2). Early diagnosis and treatment is important 
for a better prognosis. The increased frequency of high-
quality computed tomography (CT) application allowed 
the identification of smaller pulmonary lesions at a larger 
rate than before (3,4). Peripheral pulmonary lesions (PPLs) 
can be diagnosed by transbronchial lung biopsy (TBLB), 
which has 36–88% sensitivity for detecting peripheral 
lung cancer (5). At present, PPLs diagnosis depends 
on histopathological evaluation, while the evidence on 
the utility of noninvasive ultrasonographic diagnosis is 
insufficient. 

Radial endobronchial ultrasonography (R-EBUS) is 
usually acknowledged as a good guidance method for 
TBLB, helping physicians confirm the position of the 
lesions before taking a biopsy. The diagnostic yield of 
TBLB in patients with PPLs had significantly improved 
under R-EBUS guidance (6-9). R-EBUS is also a good 
diagnostic tool to distinguish benign from malignant 
diseases based on imaging features (10-12). Previous 
studies have shown a promising trend in the application 
of R-EBUS for PPLs diagnosis. However, their findings 
are difficult to apply in clinical practice because of the 
complex classification. Furthermore, a predictive model 
for PPLs diagnosis should be established. Besides, the 
clinical applicability of these R-EBUS image features needs 
confirmation by a verification study. Therefore, this study 
was designed to use a large number of R-EBUS images 
to differentiate benign from malignant lesions through 
a model group analysis. The resulting predictive model 
was then assessed on a verification group. We present the 
following article in accordance with the STARD reporting 
checklist (available at http://dx.doi.org/10.21037/jtd-2020-
abpd-004).

Methods

Model group

Patients
Patients with PPLs who underwent EBUS-TBLB from 
July 2018 to July 2019 retrospectively at the Shanghai 
Chest Hospital were enrolled in the model group. Inclusion 
criteria included: (I) patients aged >18 years with PPLs 
that required pathological analysis; (II) the presence of a 
bronchus leading to or adjacent to the lesion on a chest 
CT scan. Exclusion criteria: (I) ground-glass opacity 

(GGO) of >50% of the lesion; (II) severe cardiopulmonary 
dysfunction and other indications that the patient cannot 
tolerate bronchoscopy; (III) lesion can be visualized by 
bronchoscopy; (IV) low quality of the ultrasonographic 
image record. There was no lesion size limit. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The Ethical Committee of Shanghai 
Chest Hospital approved this study (No. KS1709), and 
individual consent for this retrospective analysis was waived. 
The study was registered at the Clinical Trials Registry 
(identifier: NCT03575715).

TBLB procedure
Bronchoscopy was performed after inducing general 
anesthesia (propofol and remifentanil) by anesthesiologists 
or local anesthesia (lidocaine) by pulmonologists. R-EBUS 
was performed with an endoscopic ultrasonographic system 
(EU-ME2; Olympus, Tokyo, Japan), equipped with a 20-
MHz mechanical radial type probe (UM-S20-17S or UM-
S20-20R; Olympus). The R-EBUS probe was combined 
with or without other guidance equipment. When the 
bronchoscopist considered that the R-EBUS probe had 
reached the lesion, it was used to scan the lesion from its 
proximal to its distal end. A 10-second video was recorded, 
and a typical R-EBUS image was saved. The long and short 
axes of the lesion were measured at its maximum cross-
section. After locating the PPL on the R-EBUS image, 
the probe was withdrawn. Brush or/and biopsy forceps 
were introduced through the working channel or guide 
sheath, and cytological and pathological specimens were  
obtained (13). No fewer than five biopsy specimens 
visible to the naked eye were obtained. We also obtained 
microbiological specimens if the bronchoscopist thought 
they were necessary.

R-EBUS imaging features
The R-EBUS images  and  v ideos  were  ana lyzed 
independently by two experienced doctors blinded to the 
final diagnosis after the TBLB procedure. Differences 
in results were discussed to determine the final result by 
consensus among three experts. This result was used for 
subsequent analysis.

According to our experience and that of others, lesions 
were characterized on the R-EBUS images based on the 
following features (Figure 1): (I) size—long and short 
axes; the long axis was the lesion’s longest diameter at the 
maximum cross-section, while the diameter perpendicular 
to the long diameter at the maximum cross-section was 
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Figure 1 Representative morphologic features on endobronchial ultrasonographic images and analog diagrams used to classify malignant 
and benign lesions. Size: long and short axes; shape: round, irregular, or lobulated; echogenicity: homogeneous or heterogeneous; margin: 
distinct and sharp, distinct but not sharp, or indistinct; blood vessel: present or absent; linear-discrete air bronchogram: present or absent.
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the short axis; (II) shape—round, irregular, or lobulated. 
Round lesions were defined as circular in shape with linear 
boundary and a long axis to short axis ratio smaller than 
1.5; lobulation was defined as circular shape that had a 
changing boundary with a wave pattern; other lesions 
were defined as irregular (14); (III) echogenicity—the 
internal echo patterns were classified by morphology as 
homogeneous or heterogeneous (11,15); (IV) margin—
when <50% of the margin was distinct, it was classified as 
indistinct margin; otherwise, it was classified as distinct 
margin. The distinct margin was subdivided into a sharp 
margin or a not sharp margin; a sharp margin was defined 
as a thin and clear margin, while any other margin was 
defined as not sharp margin (11); (V) blood vessel—present 
or absent blood vessels on the image (10,16); (VI) linear-
discrete air bronchogram—laminar hyperechoic linear 
short lines with concentric alignment with a hypoechoic 

background were divided based on whether the border was 
clear or not (12). 

Diagnosis
Each histological and cytological specimen was interpreted 
separately by experienced pathologists. A definite 
histological diagnosis meant either malignant or typical 
benign pathology (17). If a lesion could not be diagnosed 
by bronchoscopy, we recommended other diagnostic 
procedures, including transthoracic needle aspiration, 
surgery, or other methods. If an undiagnosed patient 
refused further intervention, follow-up was considered 
as the second step. The final diagnosis was established 
by pathological evidence from biopsies taken during 
bronchoscopy or other invasive procedures, microbiological 
assessment, or clinical follow-up. All undiagnosed patients 
were followed up clinically for at least one year.
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Verification group

Patients who underwent EBUS-TBLB at our institute from 
August to October 2019 were enrolled in the verification 
group. The inclusion and exclusion criteria, TBLB 
procedure, R-EBUS imaging features, and diagnostic 
criteria of the verification group were the same as in the 
model group. The appropriate predictive sonographic 
features were selected after analyzing the results of the 
model group. Three experienced doctors who were blinded 
to the final diagnosis predicted the type of the lesions using 
the R-EBUS features selected based on the model group 
after comparing the R-EBUS features during the TBLB 
procedure with the final diagnosis. 

Statistical analyses

Patient characteristics were summarized using descriptive 
statistics for continuous variables (mean ± standard 
deviation) and frequency tables for categorical variables 
(numbers and percentages). Categorical variables were 
analyzed by chi-squared or Fisher’s exact test, while 
continuous variables were analyzed by Student’s t-test or 
Mann-Whitney U test. The inter-observer variability in 
the sonographic features was calculated by Cohen’s kappa 
or Fleiss’s methods. Sensitivity, specificity, accuracy, and 
positive and negative predictive values for the differential 

diagnosis between benign and malignant lesions were 
calculated based on the final diagnosis (18). For this study, 
k values greater than 0.81were considered to be in almost 
perfect agreement; 0.61–0.80 were considered substantial; 
0.41–0.60, moderate; 0.21–0.40, fair; 0.00–0.20 slight 
agreement (19). A P value <0.05 was considered statistically 
significant. Univariate and multivariate analyses assessed 
the independent sonographic characteristics for predicting 
malignancy. ROC curve analysis was performed to analyze 
the diagnostic value of long axis and short axis. All statistical 
analyses were performed using IBM SPSS Statistics for 
Windows, Version 25.0 (IBM Corp., Armonk, NY, USA). 
We also calculated sum scores of positive criteria for 
malignant lesions to improve predictability.

Results

Baseline characteristics

A total of 303 patients were enrolled in the model group. 
There were 214 patients with malignant lesions (127 male 
and 87 female) and 89 with benign lesions (55 male and 
34 female; Table 1). The mean long axis of the lesions on 
the CT images was 33.08±14.16 mm, and 21.48±8.75 mm  
on the R-EBUS images. The sex ratio was balanced 
(P=0.70). Total diagnostic yield by bronchoscopy was 
71.3% (216/303), including 82.7% (177/214) for malignant 
lesions and 43.8% (39/89) for benign lesions. Based on 
the receiver-operating characteristic curve analysis of the 
model group, a short axis longer than 12.25 mm or a long 
axis longer than 17.75 mm had the highest sensitivity and 
specificity for predicting malignant lesions (Figures 2 and 3).

Sonographic features

Representative cases of benign and malignant were shown 
in Figure 4. Several R-EBUS features differed between 
benign and malignant lesions in the univariate analysis, 
including shape (P=3.24E-18), margin (P=9.88E-12), blood 
vessel (P=4.56E-07), and linear-discrete air bronchogram 
(P=1.81E-15). These factors also differed in the multivariate 
analysis (Table 2). The mean inter-observer agreement 
Kappa values for shape, margin, linear-discrete air 
bronchogram, echogenicity, and vessel were 0.920, 0.849, 
0.979, 0.730, and 0.871, respectively. 

Value of sonographic features for predicting malignancy 

We extracted four simplified imaging features for 

Table 1 Final diagnosis

Diagnosis
Model group 

(n=303)
Verification group 

(n=87)

Benign 89 27

Tuberculosis 14 2

Inflammation 68 24

Fungal infection 7 1

Malignant 214 60

Adenocarcinoma 149 43

Squamous cell carcinoma 17 8

Non-small cell carcinoma 10 5

Small cell carcinoma 5 1

Unknown type lung cancer 28 2

Neuroendocrine tumor 1 0

Hematological malignancies 3 1

Metastatic tumor 1 0
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Figure 2 Receiver-operating characteristic curve analysis for the 
long axis (mm). A threshold of 17.75 mm was determined to be 
the cutoff for telling malignant from benign lesions. A solid line 
indicates sensitivity; a dashed line indicates specificity.

Figure 3 Receiver-operating characteristic curve analysis for the 
short axis (mm). A threshold of 12.75 mm was determined to be 
the cutoff for telling malignant from benign lesions. A solid line 
indicates sensitivity; a dashed line indicates specificity.

Figure 4 Representative cases of benign and malignant. (A1) Representative case of malignant lesion in radial endobronchial 
ultrasonographic features: lobulation, distinct but not sharp margin, absence of linear-discrete air bronchogram, absence of blood vessel. 
The sum score was 4. (A2,A3) Corresponding chest CT images of the malignant lesion. (B1) Representative case of benign lesion in radial 
endobronchial ultrasonographic features: irregular, distinct and sharp margin, linear-discrete air bronchogram, blood vessel. The sum score 
was 0. (B2,B3) Corresponding chest CT images of the benign lesion.
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predicting malignancy based on the univariate and 
multivariate analyses: lobulation, distinct but not sharp 
margin, absence of blood vessel, and absence of a linear-

discrete air bronchogram. The sensitivity, specificity, 
positive and negative predictive value, and diagnostic 
accuracy of these imaging features in identifying 
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Table 2 Univariate and multivariate analyses of radial endobronchial ultrasonographic features for predicting PPLs in model group

Ultrasonographic 
features

Covariate
Malignant 
(n=214)

Benign 
(n=89)

Total 
(n=303)

Ratio (malignant/
total) (%)

Univariate 
P value

Multivariate 
P value

Adjusted OR for 
positive (95% CI)

Long axis  
(mean ± SD, mm) 

23.44±8.66 16.73±6.97 21.48±8.75 4.51E-10 4.83E-03 0.94 (0.89–0.98)

Short axis  
(mean ± SD, mm)

18.59±7.92 12.76±6.59 16.89±8.00 3.42E-09

Shape Round 10 23 33 30.30 3.24E-18 1.16E-05 7.81 (3.12–19.56)

Irregular 56 53 109 51.38

Lobulated 148 13 161 91.93

Echogenicity Homogeneous 84 26 110 76.36 0.12

Heterogeneous 130 63 193 67.36

Margin Distinct and sharp 3 16 19 15.79 9.88E-12 4.40E-02 0.40 (0.16–0.98)

Distinct but not 
sharp

162 34 196 82.65

Indistinct 49 39 88 55.68

Blood vessel Present 104 71 175 59.43 4.56E-07 8.33E-05 0.22 (0.10–0.47)

Absent 110 18 128 85.94

Linear-discrete  
air bronchogram

Present 45 62 107 42.06 1.81E-15 4.03E-07 0.15 (0.07–0.31)

Absent 169 27 196 86.22

PPLs, peripheral pulmonary lesions; SD, standard deviation. 

malignancy are shown in Table 3.
A sum score model, in which the positive criteria 

were counted, was investigated to determine whether 
a combination of criteria would increase the detection 
accuracy of malignant lesions. The best sensitivity, 
specificity, positive and negative predictive values, and 
diagnostic accuracy values for predicting malignant lesions 
in PPLs with at least two of the four sonographic features 
(lobulation, distinct but not sharp margin, absence of blood 
vessel, and absence of linear-discrete air bronchogram) 
were 83.64%, 69.66%, 86.89%, 63.92%, and 79.54%, 
respectively (Table 3).

Verification group 

A total of 87 patients (47 male and 40 female, P=0.82) 
were consecutively enrolled in the verification group (60 
patients with malignant lesions and 27 with benign lesions). 
The mean long axis of the lesions on the CT images was 
33.23±16.28 mm, and 22.39±7.48 mm on the R-EBUS 
images. The bronchoscopy diagnostic yield was 70.1% 

(61/87), including 80% (48/60) in patients with malignant 
lesions and 48.1% (13/27) in patients with benign lesions. 
The sensitivity, specificity, positive and negative predictive 
values, and diagnostic accuracy for malignancy diagnosis 
in PPLs are shown in Table 4. The mean inter-observer 
agreement Kappa values of shape, margin, linear-discrete 
air bronchogram, echogenicity, and vessel were 0.748, 
0.855, 0.779, 0.643, and 0.839, respectively. If we used the 
sum score model with at least two of the four sonographic 
features (lobulation, distinct but not sharp margin, 
absence of blood vessel, and absence of linear-discrete air 
bronchogram) to predict malignant lesions. The sensitivity, 
specificity, positive and negative predictive values, and 
diagnostic accuracy of this sum score model were 90.00%, 
66.67%, 85.71%, 75.00%, and 82.76%, respectively.

Discussion

The results of this study indicated that four simplified 
sonographic features (lobulation, distinct but not sharp 
margin, absence of blood vessel, and absence of a linear 
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Table 4 Diagnostic test parameters and sum score system to predict PPLs in verification group

Sonographic features Sensitivity (%) Specificity (%) PPV (%) NPV (%) Acc (%)

Shape: lobulation 80.00 92.59 96.00 67.57 83.91

Margin: distinct but not sharp 86.67 59.26 82.54 66.67 78.16

Absence of linear-discrete air bronchogram 75.00 74.07 86.54 57.14 74.71

Absence of blood vessel 61.67 77.78 86.05 47.73 66.67

Sum score model

None 1.67 66.67 10.00 23.38 21.84

1+ 98.33 48.15 76.62 90.00 78.16

2+ 90.00 66.67 85.71 75.00 82.76

3+ 76.67 92.59 95.83 64.10 81.61

4 35.00 100.00 100.00 40.91 55.17

Sonographic features satisfy none (0) or at least one (1+), two (2+), three (3+), or four (4) of the four categories (lobulation, distinct but not 
sharp margin, absence of blood vessel and absence of linear-discrete air bronchogram) based on model group. PPV, positive predictive 
value; NPV, negative predictive value; Acc, accuracy.

Table 3 Diagnostic test parameters and sum score system to predict PPLs in model group

Sonographic features Sensitivity (%) Specificity (%) PPV (%) NPV (%) Acc (%)

Shape: lobulation 69.16 85.39 91.93 53.52 73.93

Margin: distinct but not sharp 75.70 61.80 82.65 51.40 71.62

Absence of linear-discrete air bronchogram 78.97 69.66 86.22 57.94 76.24

Absence of blood vessel 51.40 79.78 85.94 40.57 59.74

Sum score model

None 7.01 65.17 32.61 22.57 24.09

1+ 92.99 34.83 77.43 67.39 75.91

2+ 83.64 69.66 86.89 63.92 79.54

3+ 70.56 92.13 95.57 56.55 76.90

4 28.04 100.00 100.00 36.63 49.17

Sonographic features satisfy none (0) or at least one (1+), two (2+), three (3+), or four (4) of the four categories (lobulation, distinct but not 
sharp margin, absence of blood vessel and absence of linear-discrete air bronchogram). PPV, positive predictive value; NPV, negative 
predictive value; Acc, accuracy. 

discrete air bronchogram) are useful tools for differentiating 
benign from malignant PPLs. The PPLs sum score model, 
with at least two of the four sonographic features, was a 
useful method to predict benign or malignant lesions. To 
our knowledge, this is the first large-sample R-EBUS image 
retrospective analysis and verification study.

Lung lesions continue to pose a diagnostic dilemma (20).  
When using R-EBUS images to assess PPLs, it is important 
for physicians to differentiate between benign and malignant 

lesions as it might lead to a completely different treatment. 
For example, ten undiagnosed benign lesions (totally 14 
undiagnosed benign lesions in the verification group) whose 
biopsy specimens were qualified had sum scores lower 
than two of the four malignant ultrasonographic features. 
These lesions might be truly negative. Clinical follow-
up, including CT, was carried out in these patients. Eleven 
undiagnosed malignant lesions (totally 12 undiagnosed 
malignant lesions in the verification group) had sum 
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scores above the threshold in two of the ultrasonographic 
features. Their lesions were likely malignant according to 
the ultrasonographic features, but the pathological results 
were negative or biopsy specimen were unqualified. These 
results might be false negative, so another pathological 
examination was needed as soon as possible.

R-EBUS images permit visualization of the PPLs 
internal structure, providing valuable information to help 
with the differential diagnosis (8,21). Kurimoto et al. (10) 
devised a three-type and six-subtype classification system 
for distinguishing between benign and malignant lesions, 
and identifying the type of lung cancer. Based on this 
evidence, we developed a classification system with the aim 
of distinguishing between benign and malignant lesions 
more conveniently with a 20-MHz mechanical radial 
type ultrasonographic probe. Based on the four distinct 
characteristics on the R-EBUS images (lobulation, distinct 
but not sharp margin, absence of blood vessel, and absence 
of linear-discrete air bronchogram), it was easy to recognize 
the type when the threshold sum score was reached in at 
least two of the four sonographic features.

Some researchers think that heterogeneous internal echo 
is a characteristic of malignant lesions (11). Many malignant 
lesions in our study were a mixture of liquefying necrosis 
and GGO resulting in heterogeneous internal echo. 
However, heterogeneity in ultrasonographic images is also 
caused by linear-discrete air bronchogram and necrosis in 
benign lesions. Therefore, a judgment of ultrasonographic 
homogeneity is more subjective than the other imaging 
features and was found to be poor predictor in our study. 
Tumor lesions usually grow in an expansive and compressive 
manner, replacing the surrounding lung parenchyma. 
Thereafter, malignant lesions usually show lobulation, which 
is consistent with CT differentiation between benign and 
malignant lesions (14,22). Size is a factor for differentiating 
benign from malignant lesions. The depth and frequency 
should be adjusted during the R-EBUS procedure to 
achieve a comprehensive evaluation of very large lesions. 
The results of the study by Kuo et al. indicated that a 
continuous margin might be a useful tool for differentiating 
benign from malignant PPLs (12). In our study, we found 
that whether the margin was sharp could well distinguish 
benign from malignant lesions in the distinct margin group, 
in agreement with the CT and pathology results. Thin 
and clear borders are typical imaging features of benign  
lesions (23). Blood vessel structure was also an important 
feature for distinguishing benign from malignant lesions. 
We found no difference in the vessels within or adjacent 

to the lesions. Malignant lesions were harder than normal 
tissues or benign lesions, so they compressed small blood 
vessels. Therefore, we found fewer vessels in malignant 
lesions on the R-EBUS images than in benign ones. A 
linear-discrete air bronchogram suggested that tumor cells 
grew as a solid mass that replaced the lung parenchyma 
space, causing the laminar hyperechoic linear short lines to 
disappear (24). 

Compared with single static images, we found the video 
to be more reliable when differentiating between benign 
and malignant lesions. Single static images are limited 
because they are taken based on the physician’s personal 
opinion and depend on interference factors at the time. In 
contrast, a whole video can show lesions more completely 
and comprehensively. As far as we known, this is the first 
study based on R-EBUS videos and static images.

There are some limitations to this study. First, the data 
were retrospectively obtained from a single center. Second, 
the proportion of lesion types was unbalanced, potentially 
causing a bias in identifying benign and malignant lesions. 
Third, we excluded all pure GGO lesions to eliminate the 
influence of this factor. Therefore, the conclusions of this 
study cannot be applied to GGO. In the future, we will work 
with other hospitals to carry out multicenter prospective 
research to determine more comprehensive R-EBUS image 
features that can differentiate between PPL types. We hope 
to develop a quantitative index to analyze R-EBUS images 
to avoid the subjective bias in qualitative diagnosis (25-27), 
and maybe even use artificial intelligence neural network in 
the future (28). By that time, the prediction model will be 
more accurate, fast, objective, and non-invasive.

Conclusions

Our study supports utilizing R-EBUS imaging features to 
identify malignant lesions among PPLs. A prediction model 
that included lobulation, distinct but not sharp margin, 
absence of blood vessel, and absence of linear-discrete 
air bronchogram could help differentiate malignant from 
benign lesions in PPLs. R-EBUS image features might help 
in the diagnosis of predominant solid PPLs.
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